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In:1968, the 90th Congress authorized this National appraisal of shore erosion and

. shore protection needs. This National Shoreline Study and the existing Federal shore

protection programs recogmze beach and shore erosion:as problems for all levels of

government and all citizens.” To satisfy the purposes of the authorizing legislation, a

., family of 12 related reports has been published. All are available to concemed mdwnduals
- and oxgamzauons in and out of government. :

Regional lnventory Reporls (one for each of the 9 major dmmage areas) assess
the nature and extent of erosion; develop conceptual plans for needed shore protéction;
develop general order-of- maqmlude estimales of cost [or the selected shore protection;
and. identify shore owners,

» Shore Protecuon Guldelmes describe lyplcal erosmn control measmcs and pre-
~sent examples of shore protection facilities,’ and present criteria. for pldnnmg shore
protecuon programs.

Shore Management Guldelmes provnde mformauon to assml decision makers 10"
develop and implément shore management programs.

Reporl on the National Shoreline Study, addressed o the Congress,; summarizes
the findings of the study and recommends pnomus among seuous _problém areas for
action to stop erosion.
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The shoreline is one of ‘Hawaii’s most valuable

assets, As an island state, Hawaii is heavily dependent
on the deepwater. harbors along its shoreline for
- exportation of ‘its agncultural and manufactured

producis  to .overseas’ markets, and ‘for imporiation .
_of raw materials: and other’ commodities for ‘local =
consumption, In addition, the shoreline is the State’s”
most valuable recreational resource. Resxdems and-

visitors alike-gain much. pleasure from relaxmg on
the sandy heaches, -fishing ‘and snorkeling 'in the
nearshore waters, and surfing on the rolling waves.

De\elopmem of the shoreline in the past shaped

major elements of the State's economy. However,
- current shoreline developmem resultlng from rapid.

“urbanization, an expanding tourist industry, and a

growmg populauon with increased leisure time and -
income, is reaching unannapated proportions. Al- .
"though developments-along the shoreline have. gen-

~-erally beenaccomplished to meet demands- for rec-
. ‘Teational beach facilities; they must be judiciously

" planned and developed to assure- that shoreline -

. resources would not be lrretrlevab]v IOSt to future
generauons

" The anticipated grow th of the State s populanon

economy, and water-oriented recreational -activities,

“and the decrease in open land areas are expected' to-
“result in increased and often conflicting demands .
However, these :prectous.
‘resources. are finit¢ and must therefore be judiciously .
utilized if they are 1o remain for the benefit.and én- -
- joyment of present.and future generatlons Only with

" for shoreline resources.

knowledge of what the shoreline is, has been, and

- could become, -can sound planning be accomplished . -
“to. ensure against costly irreparable mistakes, and.
‘to reap ‘optimum benefits from ‘the limited shore- .

line resources ‘through rational. choices between

- .competing uses and effective soluuons to shoreline a
problems. This report which summarlzes the results

- of the regional shoreline inventory.for- the State of

Hawaii provides some of the needed information by .
" describing the present condition of the State’s shore- -
line, by defining thé scope and magmtude of shore-'
line problems and .by. 1denuf)mg areas where more
research and know ledge of “our coastal environment .

are required in order to better assess the short= and
."long-term _consequences of natural and. man-caused

_changes to the shoreline. The xegloml inventory ..

was accomplished. under the authority-of Section 106

of Public Law 90-483 (1968 River and Harbor Acl) :
This legislation, which. is. quoted below, authonzes{'f*
g conduct of the ,\auonal Shonelme Stud\ and was

passed by the Congress in recognition of the critical
problems facing the Nation's shoreline and the need
for coordinated cffort and-a National compr ehensive

" plan to assist state and. local govemmems in solvi mg
. these problems :

SEC. 106. (a) The Chief of Eﬁéi”(’("? D(’ﬁartmcnt
of theé Army, under the divection of the Secretary

of the Army, shall make an appraisal znveslzgatzon
and study, including a review of any previous relevant
studies and reports, of the Atlantic, Gulf, and Pacific
coasts of -the United States, ‘the coasts of Puerto

"Rico and the Virgin Islands, and the shorelines of
" the Great Lakes, mcludmg estuaries and bays thereof,

for the purpose of (1) defermining areas along such
coasts and shorelines where significant erosion oc-
curs; (2). ldentzfymg those -areas wherve erosion pre-

. sents a serious problem because thie rate of erosion.

considered in conjunction with economic, imdustrial,’
recreational, agricultural, navigational, demographic, .

“ecological, and other relevant factors, indicates that

action to halt such erosion may be justified; (3) des-
cribing generally the most suitable type of v‘remc_’dzal

‘action. for those areas that have a serious erosion
- problem; (1) providing preliminary cost estimates.
- for such remedial action; (5) recommend:ng priorities
‘ among the serious problem areas for action to stop

erosion; (6) providing - State and local authorities
with information and recommendations.to assist the.

creation and -implementation of State and local

coast and shoreline erosion programs; (7) developing

-recommended guidelines for land use regulation in

coastal areas taking into consideration all relevant
factors; and (8) identifying coastal areas where-

title uncertainly exists. The Secrelary of the Army
shall submit to the Congress as soon as practicable, . .. .

but not later than three years after the daté of enact-
ment of this Act, 'the rmults of such appraisal investi--

_gation-and study, together with his recommendations.-

The views of concerned: local;. State, and: . Federal

. authoritics and interests will be taken irito account

in making such a{)l‘nmsal investigation and’ study.’

" The Chief of Engineers report summ'zzlrizingr the -

findings of ‘the National Shoreliné Study, including -
_ those: presented in"this report, was mbmmed to. the
'COI]F,ICSa m f\ugust 19/1



This report presents the results of an inventory of .

“the shoreline of six- of the eight principal islands

_ of the State of Hawaii. The islands of Kahoolawe and. -
* "Niihau are excluded because their shorelines-are not
legally accessible to the general public. Emphasis is-
placed on shorelines within developed areas; shore-"
lines remote from population centers and indccessible -

shorelines are- not discussed .in detail. Emphasis is- -
also. placed on the identification of problem areas- -

‘rather than on problem solution. Therefore, remedial

i actions suggested in this report are. limited to.con- .
. ceptual plans which. are intended to provrde general -
guidelines on suuable protectlon measures for Hawar-'»

" 1an shores,

",awallable information from previous ‘studies and re-

.-..ports prepared by the State of Hawaii, the Corps of
: ‘and * other governmental- and private -

» Engmeers
agencies. In particular, information trom ““Hawaii’s

_Shoreline” (State of Hawaii Department of Planning .
- and ‘Economic Dexelopmem 1965) and “Hawaiian
" Beach Systems”

€: ‘ (Hawaii Institute of -Geophysics
Report HIG 64-2,71964) 'were extensively used. The

' information from these reports served as the base

.- from which wbulations were made of shoreline para-
‘meters required for the Chief of: Engineer’s report

to the Congress. Although the mventory relied heavily.

on available data from previous studies, it differs

from these studies in.that it not only. describes the

physical characteristics of the shoreline, but also
provides information on problem. areas, particularly
beach erosion.. Shoreline mileages discussed:in the
report are based on maps prepared for the * Hawaur
Shoreline” report.

" In'this report, critical erosion areas are defmed
- as- those reaches where erosion présents a serious
-‘problem because the rate. of erosion; considered in
cotijjunction with economic, industrial, recreational,

. agriculwural, navigauonal,- demographic, ‘ecological, .
* and other relevant. factors, indicates - that- action to

- halt such erosion may be justified. These areas in-
“-.tlude recognized problem- areas for which requests:
for remedial action have been received by the Corps

‘of Ehgineers from State ‘and county govérnment

-agencies;: reaches where concern has been expressed -

_by. interested citizens. and ‘civic  organizations; and

reaches where analvsis of existing and past shore- -

“line conditions indicate existence of a serious problem
in view of current and future use of the. area. For
each ‘of the six islands, the report -lists the areas

which ‘are considered to be critically eroding based

. general report, _
- which includes reference material on multiple uses of

* GENERAL PROCEDURE

- on the above criteria. However, only. those areas
-which have been irivestigated or for which immediate

action is considered necessary are discussed in’ de-
tail in the text.

Non critical erosron sections are defmed as those

’.reac__hes where ‘erosion 'is considered -to "be more
- conducive to solution by elfective shoreline manage- -
- ment methods than by ph\'sxcal lmprovemems In-

cluded in this’ category are areas .where erosion is-
expected to continue such that within 15 to 50°

- years, the area would be srmrlar to those considered -

critical in this report. Non-critical erosion areas are

- not considered ‘to be less 51gmf1cam than critical ero-

' storr areas. On the contrary, these areas are probably .
"In preparing this report max1mum use was made of o

more important for planmng purposes bécause the
future condition of these areas is dependent on expe-

ditious. implementation of - effective: coastal zone
management procedures. ' In' recognition of this. . -

problem, - the Chiel -of Engineers has published a
“Guidelinés on Shore Management”,

the shore, principlés of comprehénsive planning and -
zoning; ‘and other - non-structural alternatives to
shore erosion problems. Another report, ‘“‘Shore Pro--
tection Guidelines™”, describes -typical methods of -
shore erosion control, both structural and non-struc-
tural, - discusses the merits and shortcomings of:

- various shore protection facilities with. spectal re-
_ference to their impact on the environment, and

presems‘crite'ria for designing and using protective

‘measures. These reports are intended to assist State
-and local authoriues and interested parties plan and
_implement effective shore protection programs.

. PRDEDNE PGE LMK
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. GEOGRAPHY

“The Hawaiian Islands extend some 1700 miles
over the North Pacific Ocean and are .part of a-
“ volcanic  mountain. range, -most of which is sub- =
‘merged. At the highest part of the range a- number "

_of large peaks protrude above sea level,  and con-

stitute the major islands of the State of- Hawaii,
_whx(_h is the 50th -state admitted to the Union, thef

_47th.in size, and 40th in population:

The cight’ principal islands of the State, from
north o south, are Niihau, Kauai, Oahu, Molokai,
Lamai, Kahoolawe, Maui, and Hdell (plate I) The

-1slands form ‘a. 400-mile-long arc at theé south:

eastern- end. of the archlpelago and comprise more " -

5 jtlxan 99 percent of the State's land area. These islands.
were formed by successive flows of basaltic lavas

' which er upted first ffom vénts in lhe ocean floor and -
later from craters and fissures as the lava domes

‘rose above sea level. Of the engh[ islands, Kahoolawe
-is uninhabited, and under military control; Niihau is

privately owned and little developed. The other six

islands " therefore constitute the heanland of the
State.
The coastline of the state varies gredtl\ in physxcal

characteristics from island. to island, and from .one .

“—district to another.on the same island. The volcanic
" origin and mountinous nature of the islands, how-
“ever, result-in a predominantly bold and rugged

coastline with few naturally protected bays or inlets. .

Towering cliffs rise steeply. from the sea'to. heights

of 1,000 feet or more along. the northwest coast of

“Kauai and much of the north coast of Molokai. Lower
but’ similarly precipitous cliffs prevail . along the

 Hanwakua coast of Hawali and in.other aréas of Ha- -

- wail,’ Maui., and Lanai. In contrast to- ‘the rugged
coastling, lowlying coasts with sweeping beaches are
" extensively developed in some ‘areas, pmucularl) on
Maui, Oahu, and Kauai.

Another type of coastline is. found e\lensnely along_- =

_ the east and north sides of Oahu, the, south coast of
Molokai. and the north coast of Lanai. Created by

inshore and barrier .coral reefs, -the shoreline - in

nese areas is usually low and rocky with -occasional
small pocket beaches or an’intermittent ]ow shore
‘ 1menupted b\ hold he’-ldlands :

SHORE O\\ \’ERSHIP AND ACCESSIBILITY

In "Hawaii. title to all shoreline below. the high -

~water mark- rests with . the state government unless

such title has) been specifically’ withheld by the .

Federal Government or has been uansfeired to pri-

vate holdings by legal instrument or by prescriptive -

right. Table 1 summarizes the ownership ol land

g .“GENE“R,AL DESCRIPTION OF THE STATE

above the mean high water mark in 1962. Shore-
line ownership has not changed signiticantly since
that time, therefore the data in table 1 are considered

‘to generally reflect current conditions. The relatively.

stable situation ‘surtounding shoreline land owner-

“ship'is attributed to the tremendous demand for the
. islands’ limited beach’ frontages, partcularly sandy
" reaches,” which has in eifeu d)scoulaged salé “of

lhese valuable Iands

. Table l
. Shoreline Land Ownershlp
o Qtale of Hawaii' ’

- Owner . Total Shordme Sandy Shor(hm
‘ S % of "% of
: : . Miles Total Miles Total
Federal oo Wwe.7  H 185 7.3
Public (non-Federaly ... 267.0. - 285 50.0 27.0
Private oo So60.7 601 121 6857

Total oo i 03T TOO®  T8TD 0000

1Small offshore islands excluded, except Sand Island and
Ford Istand. " ' .
Source: “"Hawait's Shoreline”™ prepared "by the Stae of
Hawaii Deparunent of I’l.mmng and Economic D(\clop-
ment m 1903 : -

Although most of the shoreline below the high
water mark are public lands open to all, access (o
these areas is generally restricted because of physi-
cal or legal inaccessibility through’ abuting prop-
erties. As shown in. fable 1, as' much as 60% of the
lands abutting the shoreline is privately owned, and
only about 28% i$ owned by the State and counties.
Unless some form of nghl of-way through private
lands is available, the shoreline abutting  these,
properties” is not accessible to the general public.,

In addition to legal inaccessibility, much of the
state's shoreline is physically -inaccessible or only
marginally accessible. About 64% of the shoreline is
compnsed of i igneous lava basalt which rises from the
wwater's edge in clifflike formations such that the
abutting shoreline is either. physically inaccessible
ar marginally accessible, depending on the steepness
of the cliffs. Manv. marginally accessible areas are
used for water-oriénted recreation primarily by resi-

‘dents who enjov fishing and diving from the chifs

and collecting shells, “opihi™ (type of shell {ish) und
“limu”’ (edible seaweed) along the rocky faces.

" The State and county governments recognize the
wilue of the shorehine (o the socio-cconomic environ-

* RECEDING PAGE BLANK




ment of the islands, and are striving to’ increase
accessibility to the public shores through acquisition

‘of more public casements and rights-of-way. In addi- -

tion, the State of Hawaii has enacted a provision
requiring that public beach rights-of-way be reserved
when public lands along the coast are disposed of.
Also, in June 1970, a State law was passed requiring
establishment of shoreline setbacks of not less than
20 and not more than 40 feet inland from the high
water mark. The law also prohibits removal of sand,
coral, rocks, soil, or other beach compositions for
purposes other than reasonable domestic use. In
addition, the Siate law prohibits construction of
structures, other than those required for safety and
shore protection purposes, within the setback area.

The counties within the State of Hawaii have also
enacted shoreline' setback laws, some of which are
more  restrictive than the State law. In the case of
a conflict between State and county requirements,
the State law stipulates that the more. restrictive
requirement shall be enforced

- DEVELOPMENT OF COASTAL AREAS

" Shoreline uses in 1962 are summarized in table 2
which shows that undeveloped land comprised the
largest use of the state's shoreline.

. Table 2
Shoreline Land Use
State of Hawaii' -

- Total Shoreline . Sandy Beach
% of % of
. Miles Total Miles Total
. =937 101 2227 123
45 05 25 14

Lémd Use

Recreational—Public
Recreational —Private
Non-recreational

Development ............... 2035 21.8 409 221
Undeveloped .........cooovv.n.. 6327 676 1188 64.2
Total oo, 9344 100.0 1849 1000

‘Sma“ offshore islands excluded, except Sand Island,-Ford
Island, and proposed reclamation of reef lands in-the Keehi
Lagoon and off Ala Moana Park (“Magic Island”)

Source: ‘“Hawaii's Shoreline” prepared by.the State of
,Hawau Department of Planning and Economic De\elop-
ment in 1965.

& e 1962, local. governments have placed em-.

phasis ;' development of the shoreline, particularly
sandy reacnes, for resort and recreauional uses. ‘As a
result, it is estimated that about 125 statute miles “of
“shoreline were in resort and recreational use in 1970,

an increase of 22 miles since.1962. Most of the ne wly
(I(vc'lopcd shoreline reaches were “previously  con-

- servation or open undeveloped land. The continued

increase in population and leisuré¢ tume, and expan-
sion of the tourist industry place greater emphasis on
the need for more recreational and resort facilities.
Therefore, recreational beach facilities are expected

“to be the major competitors for developable shore-

line reaches of the state.

COASTAL MATERIALS AND PROCESSES
Analysis of the coastal zone requires an under-
standing of (1) the definition of its components,
(2) the origin and composition of the materials with-
in this zone, (3) the natural processes acting on
these materials, and (4).the interrelationship be-
tweenn materials and processes over periods of time.

"A complete, comprehensive understanding of the

materials and complex processes ‘along our coastal
zone has yet to be attained. Much has been written
on this subject, but much research continues. How- -

“ever, because the materials and processes which have

shaped Hawaii’s coastline are unique, available infor-

mation on this subject is briefly discussed in this’

section to provide a better understanding of the re-
maining sections of the report.

Definition of the Coastal Zone. The nomenclature
used in describing a coastal zone and coastal pro-.
cesses are defined below and illustrated in plate 2.

The shorelinie is the intersection of the surfaces
of the sea with ‘the land. Sea level varies about 2
feet each day in Hawaiian waters as a result ol tidal
forces, therefore the shoreline shifts along the slope

~of the land as the_sea rises ‘and falls. The shoreline -

as shown on thé¢ maps of this repoit portrays’ tide
level at mean high water. :

The shore is the strip of land b01dermg, and as a

'rule shaped by the sea.

The beach is a shore of_ unconsolidated material

such as sand, cobbles, and boulders. The beach ex-

tends landward from the low water line (shoreline
at low water) to the place where there is a marked

‘change in material or physiographic form, or to the -

line of permanent vegetation (usually the effective
limit of storm waves). Unless otherwise specified,
the scaward limit of a beach is the mean low water
line. A bheach includes’ a foreshore and backshore.
. The foreshore is that part of the shore lying be-
uween the arést of the scaward berm (or upper himit
of wave wash at high tidé) and the ordinary low

. water mark. It is that part of the shore which.
ordinarily washed by the uprush and backrush of th

waves as the udes rise-and fd“




The backshore is that zone of the shore or beach .
- lying ‘between the foreshore and the. coast and acted _
" upon by waves only during severe storms, especnally’ T

when’ combmed with excepnonally high water:

Mean Lower Low Water (MLLW) is the’ average .
height of "the lower low waters over 'a 19-year:
- period.” For shorter periods of observations, corfec- ..’

tions are applied to eliminate known_variations and

-reduce the results to the equlvalent of a mean 19-. . ./

year value.

The high water mark is. the” effecuve landward L
limit of wave wash and is sometimes marked by -
_debris. The high water mark is normally the seaward .-
limit of permanent vegetation. (This term is of
particular importance because it marks the boundaryr
between the publicly owned Hawanan shores and -

- pnvalely ‘owned uplands).

The inshore zone extends from the Io“ water ]me‘

' Lhrough the zone of breaking waves.

- The nearshore zone extends. seawind from the

shoreline well bevond the breaker zone.. It defmes
;he area of nearshore currents.

‘The offshore zone for' Haw alian iaters is defmed
‘as the zone extending .seaward from the breaker
czone to a water depth of about 600 feet. The 600-

s _foot depth contour ranges from about 1 to 10 miles

.-.offshore of the islands. )

The coast is a sirip of land of mdeflmte wndlh
(it may be several miles) that extends from -the shere-
. lne inland to Lhe first ma;or change in lerram
features,

The coastal zone mcludes the land ‘and sea area:

borderlma,r the shoreline as deplcted on plate 2 and in

the foregoing dehmuons

 Critical evosion is defined as erosion Wthh when
considered in conjunction. with economic, industrial,

‘recreational, agricultural, navigational,. demographlc

CCO‘Ogl(d] and other relevant factors, indicates that-

action to halt such erosion may be justified.

Bedrock as used in this report generally refers: o

the relatively solid foundation underlying the char-
acteristically shallow deposits ‘of beach materials.
The foundation can be solid coral reef structure,

coral reef rubble, beachrock, solid -basalt, or basalt -
rubble. This term is also used to descnbe solid rock :

oLt oppmcrs

-Beachrock 1s a suauhed calcareous sandstone or -
“Hawaiian

conglomente common along many
beaches. Its formation appears to be limited to the
beach zone. It can form rapidly as evidenced bv the

fact that fence wire and coke: bottles are found

cemented in the rock..Older beachrock which formed

at different -sea levels “of the geologuc - past --are:,
found at elevations. hlghex and lo“er rhan present

sea level.
The reef 18 (hdm or range of 'ro(k or coral,

elevated above the surrounqu bottom of th sea,
generallv submerged and dangerous to  surface

navxgauon

The reef frmgmg 15 a reef auached to- an msular

“or commemal shore.

- The reef,. barrzer is a reef which roughly pdrd“(’]\

“land but is some distance offshore, with deeper

waler intervening.
" The term Littoral means of or pummmg to a shore,

"+ especially of the sea.

Littoral drift is- the material moxed in the lmoral
zone under the influence of waves and currents.
Littoral transport is the movement of material

- along the :shore in the luloml zone b) ‘waves and
‘currents. .

Tsimami is a long peuod wave caused hy an
underwater. seismic disturbance such as volcanic
cruption or mrthquakc C()lnnmnl\ misnamed tidal
wave': :

Composition and Origin of Coastal Material. - In
general, coastal material can be classified into one
of three categories—volcanic; hiological, and detrital.

‘Most of ‘the coastal zone. is actually comprised of
*combinations of these materials which are found in

various shapes, sizes, and states of weathering and
erosion. Although quartz sand is the most dominant

" worldwide beach constituent, it is absent from Hawai-

ian beaches primarily becauserit is not present in lava-
basalt and is not formed in the weathering of basalt.

Sea cliifs, rock and other matérial  of volcanic - -
origin comprise about two-thirds of Hawaii's coast:
line. Their prevalence is atuibuted to the fact: that
each of the Hawaiian Islands began as one or more
volcanoes that were gradually built up from the sea
floor by successive, intermittent extrusions of basaltic

~lava’ The volcanic formation of the islands generally

occurred from the northwest down the island chain
to the southeast, such that Kauai is the oldest and
Hawali, the voungest, island of-the chain. The suc:
cessive development of the Islands and the recent

< volcanic activity greatly influenced the characteristics

of the Islands’ coastlines. Of particular significance
is. the fact that volcanic activity. generally inhibits

~"development of sand beaches in several ways: first, a

shoreline may be traversed by a lava flow which may
cover an existing sanid beach; second, the flow may
‘destroy marine organisms which often . produce
calcareous sediment; third, recent lava flows on land
are highly permeable such that rain infilurates into
the lava rather than flow overland thereby eroding:

~and . transporung “detrital  sediments . to -the coast
.- where they may nourish a beach; and finally, a sec-
“ton of recent Hows m)ssing the shoreline must

undergo extensive ‘marine crosion before a sea clilf

ot broad pldlform is lolm(d \\hm(b) Waves Cross-




ing. the ul.nml\ flat arca will lus(' (n()ugh cnergy
1o perinit a beach o form and grow.

Although volcanic activity usually inhibits beach
_development, it sometimes creates beautiful, rare
black sand beaches such as those on the southeast
coast of the island of Hawaii whi¢h has the only two
active volcanoes in the state. These beaches are

formed by the successive explosion and chilling which

occurs when molten lava enters the ocean.

Coastal material of biological origin primarily
consists of calcareous sand and coral reels. The light-

colored grains of calcareous sand found around the

islands are fragments of skeletal parts of inverte-
brate animals and algae that lived and died in the sea.
Similarly, coral reefs are wave-resistant marine
‘structures which are builein Hawaii and other warm
environments by shallow-water organisms. The reefs
usually consist of a skeleton or [ramework of corals
and coralline algae. They dre another important fac-
tor in the coastal processes of the Hawatian Islands in
that they not only contribute calcareous material to
form and nourish beaches, but also protect these
beaches from damaging wave action. In general, the
better sand beaches of the state lie behind well
" developed reef formations. As such, the older islands,
~ Kauat and Oahu, which have more developed reef
systems, have 'more calcareous beaches “than  does

the island of Hawaii, the youngest island, whlch has-"'

comparativelv fewer reefs. _

Coral reefs are able (0 exist in the wavé zone be-
cause of their massive structure and their ability to
repair storm damage by new growth. Reefs which
are connected fo the shore are called fringing reefs
and are the most prevalent type in Hawaii. The
characterisucs of these reels vary with wave exposure
and, in general, are wide and shallow offi windward
coasts, wide and very shallow along some' leeward
or otherwise protected coasts, and decpel and’ motre
: megulal off northern coasts.

* The reefs fringing the windward coasts of Kauai
and Oahu are shallow with outer edges from 2 to 12
fect below low ude. From Kahuku o Kaneohe Bay
on Oahu the reef 1s about 1,000 feet wide and ‘is
crossed by numerous 30-foot-deep. channels with

- sandy bottoms. The windward coasts typically  have
pootly sorted fine-grained calcareous sediments. on
narrow beaches. Plate 8 shows the beach- and : reef

configuration at Hauula Beach Park on the w de"nd

ahul ¢ of OQaliu.

The shallowesi and flattest rcvfs are 1‘ound oft

protected  coasts.  Commonly  they, have  volcanic
cgrains nuxed- i the dominantdy calcareous poorly-

sorted sands  and  gravels covering “them. Their

adjacent beaches are the narrowest beaches in the

islands. This tvpe of reef is found on the south -
coast of Odhll from Koko Heuad to Pearl Harbor and

rims the plotmed water between Molokai, Maui,

“and Lanai. Plate 4 shows the beach and reel con-

figuration at Waialae. Beach Park on the south shore

of Oahu.

The reef surfaces: off the northern and some
leeward coasts are much more irregular and deeper
than those off of windward and: protected coasts.
The beaches behind the north coast reels of Oahu

-are among the finest on the island. Plate 5 shows the
beach and reef configuration ai Sunset Beach on the

north shore of Qahu. v
In addition to material of direct volcanic and bio-

“logical origin, Hawaii's coastline contains detrital

sediments, the result of weathering and erosion of
the hinterland. Dewrital sediments are usually dark
brown in color. Thev are primarily removed from land
by streams and are deposited where the streamflow
slackens - as. it enters the ocean, forming bars,

~barriers, and deltas, or mixing with other material
along the shore. On coasts exposed to -moderate:

wave acuon, the sediment is worked: back and forth
in the shallow water and on the beaches, and often

forms submerged bars or exposed barriers at the -

stream mouths. Also, sedimiént may drift away from
their stream-mouth sources as a resale of nearshore

currents and may form beaches, sh.l]lm\ -water sand
patches, and ridges of s.md and gravel Jlnﬂ; nc(ub\‘

reaches.

Shore Processes, The shmmg of sand .llom, thc .

coasts of. the islands, the movement ()[ camdt on and
off shores, and' any other behavior of sediment in
the nearshore or coastal’ zone of the islands are the

result of some force or source of energy. Although
all of the sources of thie energies réaching the Hawai--

tan Islands. have not. been idéntified; the following

. sources are ihquh( to be responsible for most ol the:
energy found in the nearshore roné of lhe |slandy

a. Octean waves and currents
b, Aumospheric winds HE R

c. Tsunamis , e _

Ocean waves and currenits are believed to be
responsible for almost all of the enérgy which con-
tributes to deformation of beaches and: uanspouauon
of sediment along the coasts of the Hawaiian‘Islands.
Depending on the magnitude and- divection of the
waves and currents reaching the shoreline, sand may
move onshore and oflshore as it does at. Disap-
pearing Sands Beach near Kailia, Hinwait, or back

and forthalong the shore us at Lunmahat Beach, Kawa.

Atmospheric winds,  pardcubaly the Norvtheast
Trades and the Kona winds, are also  important

sources of energy along the. coasts of “the islands. .
The Northeast ‘Frades generally prevail froni Apnl

to November and haveé average velocities of about 10
to 20 miles-per hour from-thé northeast or cast. These
winds remove Luge quantities of samd from the near-

sshore zone by blowing them inland- 1o form* dunes.
Kona winds \\hl(h prevadl-during November through




A

- March frequently have velocitiés in excess of 25 miles
per hour. However, they are less persistent thin the

Northcast Trades and are therefore less ('ffecuvc m
the movement of coastal sdnd

‘Tsunamis are trains of long- -period waves whlch'

are nnpulsnvcly generated in the ocean. Although
occurring infrequently, they are a source of very high

energy which, upon reaching the coasts of the islands,
are usually extremely. destructive -to the shorelme

and to developments along the coast.
Relationship Between - Coastal - Matcx_'i_als
Processes. Beaches are- not static, but are con-

_ tinually changing their composition, structure, and
§ __volume seasonally, ‘vearly, or over longer’ periods of
tiime. Beach changes are not isolated phenomena, but .
“a result of the complex interrelationships between
coastal materials and processes over -periods of time. -

Certain - relationships between the beach and its
surroundings bring about a net increase in the volume
of the beach, or beach accretion. Other relationships

_result in a net loss of sand from the beach, or beach
erosion. Also, a combination of accretion and erosion’
" may occur such that a beach is in a continual state of

flux, accreting at some times, eroding at other times.
These ‘ fluctuations are most  pronounced between

and

sseasons of the year, reflecting the scasonal variations

in the amount and types of wave energy that reach

the beaches. Thercefore, - this phumm(nun Is ()mn

referred 1o as seasonal aceretion and erosion.
Long-term and often relatively permanem changes

~to the shoreline have both natural and. man-made
» A principal nawral cause is the gmdual,
" change in the type and magnitude of energy factors

CAUses.

reaching the shoreline. The: changes in energy factors
could cause shifting of sand either along the coast,
or onshore and offshore, and - the wransportation of
sand o0 deep water where it would normally be
lost 1o the nearshore beach system. Other natural
causes include winds and storms which often remove
sand {rom the nearshore system and deposll it inland
of the normal shoreline arca.

Shoreline changes caused by. man include the
removal of more sand from a parucular beach than

"~ can be replenished by natural processes, interference

with the source of sand for a beach by dredging
through reefs, and construction of structures along
the shorcline. In addition. pollution of necarshore
waters can also ulumatelys allect nacuaral. sources of
sand in that it would kill anv reef-dwelling anmmals,
the producers of calcareous sand. in the area.
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2 1sland will pzobabl\ remain as timbered or conserva-.'

GENERAL

The island of Kauai 1s roughly circular in shape,

and has a mean diameter of 26 miles and an area of
565 square miles. It is essentially-a volcanic dome
which has collapsed in places. Mountainous terrain -
““which comprise the central part of -the island nse; _
L to helghts of more than 5,000 feet. The mountain - .
"mass is fringed by a long, narrow, gently sloping

_ ISLAND OF KAUAI

that more than half of the island's shoreline was |
undeveloped at that time. However, the situation
s gradually changing primarily because of the
emphasis on development of the tourist industry

~.to_enhance the economy. of the island. As such,

coastal plain which contains some of the longest -

plain is mlerrupted on the northwest side by a -16-

© mile reach of precipitous cliffs which rise from the -
- water’s edge, and on the southeast by a narrow ridge

called the. Hoary Head Mountains Whlch ‘Fis€ to

_elevations. of about 2,280 feet above mean séa level.
Most of the agricultural, commercial, and residential

- - stretches of ‘good beaches in- the state. The coastal ..

developments -on ‘the island are concentrated along - -

the coastal plain. The rugged cemral portion of the

tion land.

The "tidal shoreline of  the 1sland is 1134 miles

" long. Eleven miles of shoreline are sea' cliffs higher
~than- 1,000 feet and are -physically inaccessible. -An |
- . additional 39 miles are marginally or wholly inac-
*" cessible, leaving about 63 miles of physically acces-

open’ lands are ' gradually being" dcveloped fox, _

- resort and recreauonal beach use.

. Tabled
Shoreline Land Use
Island of Kauai' ~

(1962) -
Land Use Total Sh;)re‘line‘ Sandy Beach
I .- %of - % of
Sah Miles Total - Miles Total
Recreational—Public ........ e 97 51 12.4
Recreational—Private ....... 000 00 00 0.0
Non-Recreational L
Development 2267 199 108 26.
- Undeveloped ... 798 704 253 . 615
“Total ........ . 1134 2

sible shorehne The charactensucs of the island’s -

~ shoreline are summanzed in table 8 and are shown“_

*_on plate 6
: Table 3
-Shoreline Characteristics
- Island of Kauai' ~
(1962)
' ,Cﬂarécteri.stips Miles N . Percent :
‘ 59.4 -
oLee
i R, 49.6* . . -
Mud (Silt and Cla\v) ........ e 00 0
Artificial s_lruLturc:....:.4........§.._<..'. "3.2 . .
Total oo PRI I 1. X S

‘Of{shorc l:ldndb excluded,

"Includes 84 mlles of seasonal ‘sand beaches where the: -
predomlmm beach m"uenal is-sand for onl) a pan of (he L
vear. :

Source:
Hawaii .Department of Planmng and Economu De\elop .
‘. mentin 1969 S W . . )

’Ha\\aus Shorelme prepaned by the Slale of

100.0 1000 -

10fshore islands excluded. .
Source: o
‘Hawaii Deépartment: of Plannmg dnd }:Lonomlc Develop-' O

‘Hawains:ShOIélmc prcpdred b\ the Stale of

e menl in 1965.

: 'SHORELINE OWNERSHIP

~ Table 5 shows that private ilandholdmgs com-
-prlsed -the largest ‘percentage of -Kauai's shoreline

“in 1962, and that public (non-Federal) interests owh
. -the
- shoreline. The land" ‘ownership pattern reflected in
:table 5.and shown on plate 8 is e\pected to-remain
B relanvel) static. .

second ‘largest - percentage of _the -island’s.

‘ PHYSICAL CHARACTERIST]CS AND HISTOR\ :

SHOREL]NE USE S L
* Use of land abumng the showlme 15 shown on,_.v-‘
. plate 7 and aummqnzu{ in table. 4 which shows" ~

. térids from Hanamaulu Bav

OF-SHORELINE .

. Table 6 describes the phy 51ca1 chaxactcnsucs own- .
ershlp, use, and condition of -the principal sandy
beaches of Kauai. The followmg discussion supple-
ments the datr in the table by prowdmg general
descnpuons of the physical characteristics of the
shoreline . of Kauai,
shorelirie conditions. For this discussion,
was divided into, six sections.

‘Southeast Shore (plate 9).. This coaslal leach ex-
to Makahuena Point.

lhe islnnd

and ' qualitative ‘assessments’ of -



Table 5
Shoreline Land Ownership
Island of Kauai!

(1962)

' Total Shoreline ndy Beach
. ’ % of % of
Owner ) Miles . Total Miles Total
Federal ..o, 10.2. 9.0 3.3 8.1
Public {non-Federal) .. 453 40.0° 164 39.8
Private ... 579 510 21,5 521
Towal oo 113.4 100.0 41.2 100.0

'Offshore islands excluded.
Source:"Hawaii's Shoreline,” prepared * by
Hawaii Deparmment of Planning and Economic Develop-
ment in 1965. !

the State of'

It is characterized by stretches of low cliffs of igneous
lava basalt which are interrupted by short reaches of
ssandy beaches or by artilicial structures. '

The shorehine trom Hanamaulu Bav 1o Carter Point
south of Nawiliwili Bay is mainly sea cliffs 20 to 40
feet high. except at the two bays. A 1,500-foot-long,
35-foot-wide rivermouth barrier
County park at the head of Hanamaulu Bay. This
arcuate beach is relatively stable and has a low
stope with no prominent berms. The sand is fine-
grained and primarily calcareous in composition.
"Hanamaulu River enters the bay at the south.end
of the beach. Sediment discharged from the river
" contaminates ‘the' water and discourages swimming
at the beach park. The bottom of Hanamaulu Bay

consists of fine sand and silt.which are among the

finest-grained sediments on Kaual.

Like Hanamaulu' Bay, the bottom of Nawiliwili
Bay consists of fine sand and silt. Completion of a
commercial navigation harbor in 1932 altered the
natural shoreline of the bay through construction
of a breakwater on the south side, and bulkhead,
pier facilities, -and a revetted [ill area which re-
claimed about 48 acres of land on the north side of
the bav. The shoreline was further altered in 1956
through construction of another revetted fill area for
deposition of dredged spoil (from the -harbor en-
Luargement project. This fill area reclaimed about 22
“acres of land.

Prior to construction of the harbor, a barrier beach -

existed at the mouth of Huleia Stream .on the west
sside of the bav. Harbor construction reduced  this
beach to a 300-toot-long, 30-foot-wide reach of cal-
carcous sand. v :

‘Kalapaki® Beach. a 1.700-foot-long. 75-foot-wide
arcuate pocket beach at the north end of Nawili-
wili Bav. is bound by cliffs on the cast and by the
revetted fill area for the harbor on the west. The bmch

beach fronts a

16

which fronts a resort hmd has a ve ry gultl( slopc

cand a low beérm which -is often (uspul The sand is
~highly calcarcous and consists of medium-sized grains. ‘
Congress has authorized the U.S. Army Corps of

Engineers to construct a small boat harbor within
Nawiliwihh Bay between the revetted fill area at the
northwest end of the commercial navigation harbor
and the mouth of Huleia Stream. The harbor im-
provement consists of construction of an entrance

channel, dike, and mole to provide a uscable area of
15 acres and accommodations for 200 boats. No date

has been set for construction of this harbor.

The Haupu coast, which extends from Carter Point °

to about four miles southwest of Kawelikoa, is char-
acterized by high and rugged sea cliffs. The south-
west end of this coast is called Kipu Kai and 1s
characterized by three excellent sandy beaches which
average about 100 feet in width. The relatively
straight northern beach is separated from the middie
beach by a rocky ridge with boulders at its seaward
end. The crescent-shaped middle beach is backed by
active dunes 20 to 30 feet. high, and is separated
from the-southernmost beach by a pair of small racky

ridges. The one-fourth mile long southernmost beach, -

the longest of the three beaches, is backed by stable
dunes 50 to 60 feet high. ‘A narrow but shallow reef
fronts part of the northernmost beach, and other ir-
rcgular rect arcas are p'J'Cs'( 1t zlong this coast (plate

10); however, the water is generally 60 or more feet

.deep within a half niile of the Hdupu shoreline.

From Kawelikoa Point to Makahuena- Point, the
shoreline consists of a series of rocky points betwéen

which are beaches backed by active dunes (figure 1), -

These dunes extend about lhre(--four.ths of a mile

.inland.
South Shore (plate 9). The 15.5-mile-long south -

shore extends from Makahuena Point to Makaweli
Landing. Much of the shoreline along ‘this reach ‘con-
sists of outcrops of lava basalt or calcareous sand-
stone. The several beaches scattered between the rocky

shoreline are both short and narrow,.and some of

them are seasonal, that is, the sand erodes away
during the winter months and returns during the
summer.

The 4,000-foot-long Poipu Beach at the east end
of this reach [ronts a rapudly developing resort area,
This reach consists of several arcuaté beaches. be-
tween rocky points along the coast. The beaches are
between 60 and 70 feet wide and are often moder-
alely steep with no noticedble bernms (figure 2). The
sand consists of fine calcarcous grains with only minor
amounts of detritus. A reef {ringes the shoreline and
provides a calm., relatively sheltered swimming area.

The réach from Poipu Beach to Hanapepe Bay is
primarily sca clifls of outcropping lava basalt, except
for the reaches fronting Lawai, Wahiawa, and Hana-

pepe Bays which are drowned river-valley mouths. A

s
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“hoat launching ramp at Koloa and a boat harbor -

. at Kukuiula are the only artificial structures within

-+ this reach. Sandy beaches exist at the head of Lawai

_and Wahiawa Bays. A half-mile-long rivermouth bar-
rier beach which existed at the head of Hanapepe
Bay has been critically eroded. In 1962, this arcuate
sand heach had an average width of 70 feet. Since
thai time the beach has undergone continual erosion,
and is presently completely denuded except for a 30-
foot-wide bar which partially blocks the mouth of the

‘Hanapepe River. The sand along this beach is pre- .

" dominaniy medium:sized grains of volcanic detritus,
deposited by the river. The severity of the erosion
problem resulted in a request from the State of Ha-
waii for Federal participation in a beach erosion con-
trol project. Plans and specifications for such. a
pro;ect have been compleled by the Corps of En-
“gineers, however, construction of the project has not
been initiated. :
.+ .The east side of Hanapepe Bav has. been al[ered
. by construction of the Port Allen Commercxal Naviga-
- tion Harbor in 1935 and the Port Allen Recreational
Small Boat Harbor in 1962. ‘Artificial structures in-
“clude a 1,200-foot-long rubblemound breakwater, ‘a
- 600-foot-long pier, a 1.000-foot-long revetted mole,
-and rubblemound revetments .along
shoreline..

The shoreline from the west end of Hanapepe Bay -

to Makaweli Landing is primarily rocky outcrops of
lava basalt, with a few short sandy " beaches along
some of the inlets within this reach.

" Southwest Shore (plates 9 and 11). This 18- mile
reach which extends from Makaweli Landing to Poli-
hale is distinguished by long stretches of beach and
the only extensive coastal plain on the island. The
coastal plain is more than tvo miles wide in the cen-
ter of this reach, and tapers to the north and south-
east. Except for the towns of Waimea and Kekaha and

© a military airfield, this reach is unde\eloped

\1ah1nauh Beach is -a 1,400-foot-long, 70- foot-w1de
_beach composed of poorly sorted medium grains

- which contain a high percentage of volcanic detritus.
The beach is bound on the south by the Makaweli
Jetty and on the north by a point of land composed
of rock and sand. It is protected from excessive wave
action by a reefl "approximately 700 feet - offshore.

“A 7,000-foot-long, 100-foot-wide beach - extends
west from Waimea River to the Kikiaola Small Boat
Harbor. This beach, which fronts the town of Waimea,

is predominantly composed of grains of volcanic sand

deposited by the Waimea River. The percentage of
volcanic components decreases along the western end
.of ihis beach. This decrease is atuibuted to a west-
ward-flowving dlongshow current which moves the
sand along the beach and dilutes the volcanic com-

ponent by the addition of calcareous grains from the .

shallow water oftshore. The foreshore slope varies

v

the 'existing ‘

19

'Fig. Z'One of several'_'beach"es at Poipu, Kauai

- from steep in winter to moderately steep during the

summer. The water is usitally muddy due o dlluvml
sediments from the Waimea River.
The shoreline extending about 3,000 feet west of

Waimea River has eroded continually since the early

1900's. The erosion became a critical problem when it

~ endangered beachfront properties and threatened the

road parallel to the beach to the extent that it was
relocated further inland threé¢ times between 1940
and 1955. After the last relocation, emergency riprap
protection was placed along the eroding bank. The -
severity of the erosion problem resulted in a request
for Federal assistance in a.shore protection project.
In 1958, Congress authorized. the use of Federal

. funds ‘to pay for -one-half the cost of a 1,240-foot-
Jlong rubblemound séawall which would be construcied

by the State’ of Hawaii to - protect  public shores
frommg Waimea town: To date, no work on this
project has been initiated. ‘
Artificial structures of ‘the Kikiaola Small Boat
Harbor have altered the natural shoreline west of
Waimea Beach. These structures include a 600-foot-
long rubblemound west breakwater, a 1.170-loot-long
rubblemound east bréakwater, a concrete faunching
ramp, and a 200-foot- lonq groin. :
Kekaha Beach, which-is about 17,000 feet long and
averages about 150 feet wide,.extends from the small
boat harbor to the Naval reservauon at Barking Sands.
Sand along this reach is about 70 percent calcareous
and 30 percent volcanic detritus in composition. Crit-
ical erosion has occurred along a 4,700-foot reach
fronting the public beach park. In 1936, the shoreline
near the western end of the park was 100 feet sea-
ward of the present highway and that near the eastern



end was 200 feet seaward of the highway. Erosion
over the years moved the shoreline right up to the
- highway, and necessitated dumping of rock on several
occasions since 1958 to protect the highway re-
vetment. Comparison of a survey made in 1966 with

one made in 1936 showed that. erosion was most

significant at the eastend of the park. The comparison
also showed that an average width of 110 feet
eroded over a 3,200-foot reach. This is equivalent
to a total loss of 352,000 cubic yards of sand during
the 30-year period, which is an average annual loss of
11,700 cubic yards. The severity of the erosion prob-
lem led to a request from the State of Hawaii for
Federal parumpauon in a beach erosion control prej-
ect. However, mvesugauon of the problem disclosed
that Federal assistance in the construction of a
permanent revetment to protect the highway “could
not be provided because of the high cost of the pro-
posed revetment compared to the economic savings
which would result from reducing erosion along this
reach. However, the Corps of Engineers stated in their
report that continued dumping of rock by local gov-
ernment agencies on an as-required basis would re-
tard erosion -and. provide some pro(ecu'on for the
beach. .

From Kekaha Beach, Barking Sands Beach extends
northwest around Kokole Point, a cuspate foreland,
1o the Barking Sands Naval Airstrip. This 14,000-
{oot-long beach ranges in width from 100 to 200

feet and is backed by extensive sand. deposits. The
sand is primarily white calcareous fragments with a .
small percentage of volcanic detritus. North of this
sandy beach, a 3.5-mile redch of beachrock backed by

“a storm beach extends .to Nohili Point (figure 8).

The beachrock along the south end of this reach is
exceptionally massive. - '

Polihale Beach, a 20,000- foot-long, 300-foot-wide
beach, lies north of Nohili Poinit. The beach along
this reach is more than 20 feet in depth, and is
backed by 50-foot-high sand dunes. Extensive out-

_crops of beachrock exist at sea level.

Northwest Shore (plate 11). The Na Pali Coast,
a'14.5-mile-long shoreline bétween Polihale and Kai-
liu Point, is characterized by precipitous sea cliffs
which are among the highest and most scenic in the
state.. Except for two state béach parks, this physically
inaccessible reach is undeveloped.

The hinterland of this shoreline consists of lava ba-
salt flows and dikes of the Waimea Canyon volcanic
series which have been cut into deep valleys by
stream erosion. The ends of the interstream ridges
have been cut into the spectacular cliffs by marine
erosion. Between Polihale and Milolii. the faceted
cli[f—ends of the ridges are fairly straight and -about

250 feet high. Beyond Milolii, the cliffs are higher
but are more irregular because of broader
a few places the cliffs rise to about the
elevation within onec mile of shorc.

8,000-foot- .

Fig. 3 Barking Sands area, Kauai

valleys. At~
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The Na Pali- shorelinie is primarily_la\}a-‘-bedr(;)t:k,'

_but- there are boulder beaches and small -seasonal
sand beaches at the foot of some of the. cliffs, at

some of the small inlets along ‘this coast, and es-

‘pecially at the mouths of some streams. Small sand
"beaches at Honopu Valley, at the bay one-third mile.

cast of the valley, and at the south end of the long

North Shore (plate ll) This 18 mile- shore extends
from Kailiu Point (figure 4) t0 Moloaa Bay, and is

characterized by alternating stretches of sand and’

sand beach at Kalalau are presem throughout the '
-year.

bedrock, small bays which are drowned river valleys,

and lengthy stretches of shal]ow fringing reefs off-

shore. Most ‘of the"beaches along' the north shore

undergo sngmflcam seasonal changes, pnmarlly as'a’

result of erosion by winier northern sea swells.

Beaches along this shore also experience changes re-
sulting from severe [Ioodmg of the rivers as well
as from. changes in river courses. Except for a
resort area at Hanalei Bay and a military reserva-
tion at Kilauea Point, developments along the north
shore consist of scattered rural residential and agri-.
cultural areas. Much of this shore is undeveloped.

About two-thirds of the north shore is fringed by
shallow reefs. The reef flats west of Kalihiwai are as

“much as 1,600 feet wide, but are about half this width

along the southeast end of this coast. Farther off-
shore, a very broad submarine ridge extends north-

eastward from Kauai into deep-water.

Keei Beach west of Haena Bay is 500 feet long and
35 feet wide. The beach is composed primarily of cal-
careous fragments with beachrock exposed at sea
level in a few locations.

Fig. 4 Kailiu Point and Hanalef Béy areé, Kauai (Caméfa Hawaii Phb{o)

o




The 1,300-foot-long arcuate beach at Haena Bay
is about 200 feet wide in the center section; but
narrows to the west where it terminates at a mound
~ of boulders behind a coral reef. Low vegetated dunes
lie back of the beach which is composed primarily of
calcareous sand. The foreshore at the beach park in
the center of the bayshore is very steep because it
receives no protection from the fringing reef that lles
off the sides of the bay. :

Kepuhi Beach is a 4,500-foot- long beach on the

broad point between Haena Point and Wainiha Bay.
. The beach averages 75 feet in width except for an area
along the west end which is about 150 feet wide.
The beach sand is highly calcareous in composition
. Although a shallow reef flat provxdes some protection,
the beach was seriously eroded in February 1963.
However, most of the sand returned to the beach by
August of the same year. Although erosion continues
at this beach,
this time.

The 1,300-foot-long barrier beach at Wainiha Bay

has an average width of 150 feet. It is about 200
feet wide at the west end where it joins a physically
inaccessible reach of low cliffs, and is about 100
feet wide at the east end. The beach has a fairly
steep slope and is composed of both volcanic detritus

deposited by the Wainiha River and calcareous

material from the adjacent sea floor.

Lumahai Beach, east of the mouth of Lumahai River,
is about 4,000 feet long. The width of the beach
varles seasonally, but is about 200 feet wide on the

average. During the winter, sand usually moves from

the west to the east. Surveys made by the University
of Hawaii showed that in August 1962 the west end
of the beach was 350 feet wide, but in February 1963,
it was denuded and waves were eroding the low dunes
behind the beach. During this same period, the east

it is considered to be non-critical at-

harbor at this site havé been prepared by the Corps

of Engineers, construction of the project has not been
initiated. The proposed small boat harbor would alter
the shoreline by construction of a 380-foot-long jetty
and dredging of an entrance channel and berthing

.basin in the peninsula between the bayshore and the
Tiver estuary.

The shoreline extending eastward from Hanalei to
Kilauea is a sea cliff which ranges i height from 100

" to 200 feet. West of Anini Stream, a few small beaches

exist in front of the cliff. The beach at Anini Stream
and beaches eastward are Ionger and wider.

Kalihiwai Bay, a drownéd river valley, has a 1,500-
foot-long, 100-foot-wide rivermouth barrier beach.
This seasonally varymg beach is generally narrower at
the east end where it abuts a boulder beach at the

- baseé of a cliff that forms the east side of the bay.

"The beach has a low slope with at least one berm.

Beach sand is medium-to-coarse grained, and is pre-
dominantly detrital material deposited by the river.

Kauapea Beach, a 3,000-foot-long, 75-foot-wide
sandy beach between Kalihiwai Bay and Kilauea Point
is the last long sandy beach along the north shore.
This beach is only margmally accessible as it fronts
on rugged, undéveloped land. The remaining reach
from Kilavuea Point to Moloaa Bay consists of .about .
half beach and half sea cliffs which rise 20 wo 200

feet high. The cliffs are highest near Kilauea and Mo- . -

loaa Streams. Most of this reach fronts on undevel:
oped land and is only marginally accessible.

A slightly arcuate, 2,000-foot-long, 175-foot-wide

~ rivermouth barrier beach exists at Moloaa Bay. The
{foreshore has a low slope which 1s broken in places by

outcrops of beachrock. Beach sand is predominantly

- calcareous with only small quantities of sand-sized

-end of the beach. accreted from 160 to 435 feet. The -

beach generally has a steep foreshore because of the
absence of a protective reef.

Hanalei Bay, the largest bay on Kauai, 1s a half

. circle which opens to the north. Detritus deposits at
the mouths of the Hanalei, Waioli, and Waipa Rivers

which empty into the bay, and calcareous sands from

offshore organisms have been reworked by the waves

into a 2-mile-long beach. The beach has a gently

sloping foreshore, and an average width of 125 feet,

although seasonal changes occur. Some erosion has

occurred along the west Hanalei Beach which extends- .

from Makahoa Point to Waioli Beach Park near the

center of the bay shore. However, the problem 1s not -

_considered serious at this time. The beach: extending
from the park to the east end of the ba\ 1 re]a[uelv
stable.

The only artificial structure along the north shore is

a 300-foot-long pier about 600 feet south of the mouth.

of the Hanalei River, Although-plans for a small boat

detritus. Low dunes behind the beach are vegetated

with grass and ironwood trees. A long outcropping of .~
_ beachrock exists in the surf zone, but the bottom sea-
~ward of this - outcropping is predomlmmly sand.

Northeast Shore (plate 11). The northern half of
this coastal reach extends from Moloaa Bav to Kealia,
and is characterized by low sea cliffs [ringed by shal-
low reefs, with a few bays which are drowned river-
valley mouths. In cliff height and embayment the
shoreline closely resembles the southeast shore. Ex-
cept for the river valleys, coastal lowlands along
this reach are scarce and physical accessibility to the

- shoreline ‘is marginal. Other than two small beach-

front residenuial areas and a public beach park in the
Anahola Bay area, the shoreline along this reach is

" essentiallv undeveloped. The southern half of the

22

northeast shore extends from Kealia to Hanamaulu
Bay, and is generally low with heavy resort develop-
ment around Wailua Bay. Rivers along this reach
empty o gemle scallops of the coast rather than into
deeper bays.-. ‘

The 6.600-foot-long Anahola Beach has an average




N

pe

u('idth of 150 feet. This slighdy arcuate beach is from

170 to 220 feet wide near the center and narrows to

about 100 feet at both ends (figure 5). The beach has

a low slope and at least one berm. Beach sand is
predominantly calcareous and of medium-grain size.
The offshore is essentially sand, and low sand dunes
lie behind part of the beach. The beach is subjecl

1o seasonal accretion and erosion, and to changes re-
sulting from lateral shifts in the mouth of the peren- -

nial”Anahola Stream.. During the 16-month study of
Hawaiian beaches conducted by the University of
Hawaii, the position of the stream mouth changed by
about 500 feet.
.Kéalia Béach is o
beach between

2 500-foot-long. and 130 Toot-w ulv
Tocky pnm[ on the south and
small jery on: 1lu nmlh

Behind the beach are low dunes,

Fig. 5 Anahola Beach, Kauai (Camera Hawaii Photo)

“a cane-hauling road,

Kiipaa, Streant’ CTOSSES: (h(- '\muV 1959, Sinvevs nu e i
south end “of lhh‘bc.uh which consists of highly »°

“calcareous sand.

and' the main highway. The
remnants of a small sand-mining operation are located
at the north end of the beach.” » :
" Kapaa Beach extends {rom: about 2,000 feet north
of Moikeha Stream to Waikea Sweam and fronts a
publlc beach park. The btd(ll averages about 25
feet in width and consists of fine to medium grains
of calcareous sand. It is fringed by a coral reef ranging
from 400 o 1500 feet inswidth. Artificial strucwares
along this reach anclude jetties at the mouth of the
two streans and a 900-foot-long rubblemound revet-
ment at the north end of the park. This revetrment was

~completed by the State-of Hawati in:1964 1o protect

the shareline Imm £rosion \\hl(h had h(‘(n uuunmL,

]unv 1959, and lmun\’
1963 - showed: that an- ‘n(m;( of 10 féet of heach
was lost along a 1,000- foot-long reach, The erosion,




which wis contined 1o this ‘one reach of the beiach,

avas attvibuied w diredging of the offshore coral
creel i 1939, Prior o this time, annual chunges
-at the beach were small, and sand was usually trans-
ported shoreward along reef channels, then toward
the stream outlets, and out to sea from where the cycle
was repeated. However, the dredged area severed the
reef channels so that sand became trapped in the

dredged area, thereby preventing natural nourishment

of the beach. Construction of the revetmerit has
prevented further loss of beachfront property along
this 900-foot reach. :

A 2,500-foot-long, 100- fool-wnde rivermouth barrier
beach exists at Wailua Bay. The north end of this
-slightly arcuate beach is more stable than the south
end which ‘terminates at the mouth of the Wailua
. River and which is subject to. erosion resulting from
_Mlooding of the river. In April 1963 the beach along
“‘the south end: eroded- 0 the vegetated ‘backshore

arci as e result of severe flood. By August of that
vear, a narrow beach zoné with an erosional scarp,
and a narrow toreshore had returned. The offshore
area of the beach is mainly sand with a few lava
autcrops at each end.

The 2-mile-long sandy reach south of W‘ulua Bay
fronts a public goll course and open Iand. The beach
averages 75 feet in width and consists of calcareous
limestoné sand. Slgmficant erosion has occurred
along this reach. In some areas, as much as 30- foot-
widths of shorelme have been lost.

SUMMARY .

Approximately 5.0 of 118.4 miles of shoreline around
the island of Kauai have been criticallv eroded; about
15.1 miles have a history of erosion but the prob-
lem is not critical at this time; and the remaining
93.3 miles have a history of stability or accretion.
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' ISLAND OF OAHU

' (,ENERAL

The island  of Oahu has an area of. 604 squaru"

miles. 1t is characterized by two parallel mountain
ranges, the Waianae Range on the west and the Koo-

- lau Range on the east, frmgmg a fertile plateau. The
_ tidal shoreline of thé island is 198.5 miles long. The .=

characieristics of this shorelme are summarized .in -

_“table 7, and arc shown on plate 12. Detalled descrip-
tions are included in the paragraph on the physical .~

':charactensucs and hlSlorv of Oahu s. shorelme

. . Table? _
Shoreline. Characteristics
“Island of Qahu!

T (1962)°

(‘haraclensucs " Miles © ‘Percent
Rock .. 02 - 35
(.m\el 8.1 ER

< Sund... ‘ R - 281
o+ Mud (Silt and Clay B4 6.8
Artificial structures 509 25.6

.y 1985 ) 100.0

{Offshore iskunids e\c]uded e\cepl for 5and Island and Ford. .

- Island.

. Table 8.
* Shoreline Land Use
Island of Qahu!

{1962)
Total Shoreline  Sandy Beach
: N % of . %of
Use "Miles ~ Total - Miles - Total -
* Recreational—~Public ... 321 16.2 - 10.7 21.3
Recreational —Private ... L5 a3 2.5 5.0
. Non-Recreational - )
Development .................. OS5 537 199 345
'll'ndc\"cl(_)pcd s 5l 2hs 172 312
Total . 1000 50.8  100.0

'lncludcs 0.6 mxhs of S(dSOHdI sand l)(dchu where lhe pre- ', '

. dominant beach matcrial1s sand for only a 'part of the year.
piépared. by the- State ‘of

© Source; “Hawaii's Shoreline”

Hawaii Depdnmenl ol lemng and_Economic D(\(’Iopﬁ‘;

‘ment in-1965.

' SHORELINE USE-

As shown in table B'and on pla(e 13, 53 7 percent

’()ﬂ'shme islands'excluded, except Sand Island, Ford Tsland,
Magic Island, and proposed. recinmation of recf lrlll(l\ uy

 Keéehi. Liagoon.

Qomu “Hawaii's Sh()ullm " 1m|)n|d‘ by e Stite of
Hawaii- I)(pannwm ol llmmnq and Economic Develop-

‘ment in-1965.

Table 9
Shoreline Land Ownership
- Island of Oahu'

. Total Shoreline

] . %ol % of
- Owner Miles Total Miles Total.
" Federal . 60.9 0 307 - 102 203
Publi¢ (non h(leml) ......... 417 2100 123 244
’ Prl\’dl&_ 95.49 48,3 27.8 55.3 .

1985 100.0 503 1000

of Oahu's shoreline was in non-recreational develop-- ;-
5 ment in l%)

. PHYSICAL CHARACTERISTICS AND HISTOR\

ment in 1962. Unlike the other islands, where more

than half of the shoreline was un)de\eloped _only 25 °
percent of Oahu's shoreline was undeveloped in 1962.. .
However. much of this shoreline is cxpecled 10 be-

pl‘l(,ed in résort and ILU(’J[IOIIJ] use | to-'meet.. the

mcrmsmg 1eu(.mon |l nceds of lCSl(‘len[b and \151(015 .

alike;

SHORELI\IE OWN ERSHIP

Ttie shoreline around thé uland of O.xhu Lomutu(n.

"’1 2 pexcent of the total shoreline in the state, and
o7

> percent of the state’s sandy shoreline. Table 9 ©

‘md plate 14 show the distribution” ol o\\nelshlp of -

land .1bumng Oahu’s 51]018]1[]'3

l()”ﬁh()l(‘ lsl.md\ exclhuded (\upl Sand Island and Ford

Island. ‘ .
Staw’ of
Develop-

Source: "Hawail's Shoreline” prepared by the
Hawaii Department of Plunmng dlld l((m()ml'

OF SHORELINE - _

" Table 10 describes tli( plnsiml charae ulisli(s ’
ownership. use, ‘and condition of sandy . beaches fon
which- data are available: The f(»l]m\mg paragraphs
supplement the data in the t: ible by providing general
descnpuons of the physical characteristics of the en-
tire shoreline around Oahu and qualitative assess-
inents of shoreline (nmlmom The shoreline d(_;(np-
tion begins at Wawamalu Beach Park and moves in a
clockwise direction around the island.

South Shore (plate 13). The south coast of OQahu

- extending friom Wawamalu Beach Park to Barbers

Sandy Beach o
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Point is gencratly low, thereby affording relatively
sy access 1o most parts of the shoreline. The south-
ern exposure and stretches of fringing reefs (plate 16)
provide reasonable protection against damaging ef-
fects of storm waves and tsunamis. The location . of
Honolulu, the kirgest urban development in the State;
the largest civilian and military ports; and a large
share of the armed forces establishments along this
coast make it the most important coastal reach in the
state.

The reach between Wawamalu Beach Park 'and Dia-
mond Head is characterized by rocky coasts and pro-
tective -structures with only a few short reaches of
sandy ‘beach. The shoreline from Wawamalu ‘Beach
Park 1o Halona Point consists of 1,500- 1o 2,200-foot-
long reaches of about 100- foot-wide sandy beaches

between stretches of lava basalt outcrops. Theé beaches.

are quite steep and front an area of low dunes cov-
ered by grass and kiawe wrees.

Exceptior Hanauma Beach Park,'the coasthine from
Halonu Point to Maunalua By isan extremely rocky,
terraced sea cliff affording. only marginal accessibility
(figure: 6). The 1,800-fooi-long. 30-to 100-toot-wide
sandy beach at Hanauma Bay had been eroding to
the extent that coconut trees ahout 20 feet mland
from the shoreline were being undermined (figure 7).
In April 1970, the City and County 6f Honolulu, De-
partment of Parks and Reéreation, initated remedial
action for the beach park. The beach erosion control
project consisted of construction of a wave “harner,
restoration of the bmch (ﬁgure 8) .and excivation
of a new swimming area. <"

- The shoreline of \Lumallm Bd\ has he( n consider-

ably altered by artilicial structures which include a

boat-launching ramp, seawalls along the residential
arca at the east end of the bay and coral (il 'which
was placed along the center section dviring initial
d(\(*lupnu nt of a nmmm ml(mul residential arca n

Fig. 6 Rocky coastline between Hanauma Bay (lower left) and Wawamalu Beach Park (upper feft). Oahu

34



the valley behind the l):f'}' (ligure 9. The coral il
arcie oty part of the Maunalua Beach Park, and is
tronted by a 1,000-foot-long 10-foot-wide sand beach
which is gradually eroding. The offshore area of the
bay is characterized by one of Hawaii's shallowest
reefs. Relatively few organisms appear 1o be living on
this reef-flat where local patches .of sand have been
ohserved. - '

T'he shoreline in the Kuliouou area at the west end
of. Maunalua Bayv is largely. a mudflat up to Paiko
Peninsula, after which it is an almost continuous
stretch of seawalls with narrow, poorly sorted gravel
and -sand beaches fronting them. Except for two
1.000-foot-long. 30-foot-wide sand beaches, one of
-which is artificially constructed, the seawalls extend »
to Black Point, a rockv headland formed when lava - : .
from a late eruption flowed seaward across the reef. Fig. 7 Undermined coconut tree at Hanauma Bay Beach Park
The seawalls at Niu and Wailupe peninsulas within R :
this reach border on ancient Hawaiian fishponds

" which have been filled and developed into residential
areas. : :
Erosion has occurred along a 3.000-foot-long reach
within the Waialae-Kahala residential area which ex-
tends from Wailupe Peninsula to Black Point. Erosion
in ‘this area has undermined steps, seawalls, and
" beachfront property. Erosion has also occurred along
the artificially constructed sand beach fronting a re-
sort hotel in the Kahala area. The erosion reduced
 the recreational usefulness of ‘this beach and neces-
" sitated periodic beach nourishment which has been
accomplished by private mnterests (figure 10).

From Black Point westward around Diamond Head,
stretches of rocky coast on which are cut a terrace”
about five feet above sea level alternate with narrow
heaches of fine- 10 medium-sized coral fragmenits = ° ;
(figure 11). . ' - ~ Fig. 8 Restoration of the beach at Hanauma Bay Beach Park,
. The shoreline from Diamond Head to Pearl Harbor Oahu. , L
" is primarily. artificial, the result of extensive dredging’ o w
of reef areas, construction of artificial structures, and S e
filling of former mudflats, fish and duck ponds, and
shallow "reef areas. These lowlands are the urban
areas of the city of Honolulu and support a concen-
tration of industrial and commercial facilities as well
as recreational, resort and residential areas.

-Over 10 million visitations by swimmers, surfers, -
sunbathers. and other -beach "usérs are estimated
to have occurred at Waikiki Beach in 1970. It is prob-
ably the most well known surfing beach in the world
(figure 12). This two-mile stretch of shoreline ex-
tending from the west end of Diamond Head to the
Ala Wai Yacht Harbor, was formerly a barrier heach
fronting swamps and duck ponds. This beach is now
almost entirely artificial with imported sand, groins
and seawalls along most of the reach (figure 13).
Alterauon of the shoreline resulied primarily from
attempts to reduce beach erosion which date back to , _ _
the early 1900's. Since that time, numerous remedial Fig. 9 Maunalua Bay area, Dahu

i
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Fig. 10 Kahala Hilton Beach, Oahu (Camera Hawaii Photo) -

actions have been independently pursued by various
interests, including property owners, the City and
County of Honolulu, the State of Hawaii, and the
Federal Government, Remedial measures have in-
cluded construction of a varlety of surtictures such as
seawalls, cribwalls, and rubblemound and sandbag
groins. The effectiveness of these structures vary,
however, the net effect has been minor, ‘and erosion
is still a problem at this beach. The severity of the
problem is exemplified by a brief history of Kuhio
Beach, a 1,500-foot-long reach 1n the center of Wai-
kiki Beach. Action taken in May 1939 o curb ero-
sion at this beach vesulted in placement of a 150-foot-
wide beach. However, within eight vears, a section of
the beach was (omple[el\ denuded. Action taken by
the Territory of Hawaii in 1931 resulted in, among
other things, placement of a 130-foot-wide beach.
However, erosion has continued o occur, so that the
existing beach varies in width from 0 10 230 fect

ffigure 14). The remaining veaches of this famous

two-mile-long beach \lm iwidth from 0 o 150 I('(l
except at the Fu-DeRussy military beach @ the west
end. Although this beach was onee from 0 1o ’)0 feet
wide, it has. recently been improved by the (ul|)~ of
Engincers. and now has an aven e width of l()() [eet
above mean lower low witer, .

The artificially  constructed  Duke |, Kahanamoku
Beach adjacent 1o Fr. DéRussy-comprises the western
timit of Waikiki Beach. Constructed in 1956, this rec-
reational beach consists of a 1,000-loot-long. 150-foot-
wide sandy beach area. a 7-foot-deep, 150-foot-wide
offshore swimming area; and . a 6-acre lagoon land-
ward of the beach (figure 13). The sandy beach 1s pro-
tected by two groins, one it'cach end of the beach.
Although some loss of sand occurred during the first
few vears following completion of the beach, this was
auributed o the natural*process ol o beach reshaping
10 conform with the prevailing wave frone. After the
reshaping by wave action, the beach stabilized 10 its
present cresent shupe. and sand loss has been minor.
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T'he Ala Wai Boat Harbor immediately west of Duke
Kahanamoku Beach is the largest and finest light-
draft vessel harbor in the state with a berthing- area
ol about 31 acres and slips for about 515 craft (figure
16). Construction of this harbor in 1935 altered the

natural shoreline by dredging of an entrance- channel -
and small basin in the wide, shallow, fringing reef.
Since that time, many improvements have been .
made. by the State of Hawaii. The existing harbor -

consists -of a 1,700-foot-long breakwater, 2 interior
moles, 1 wooden T-pier and a 200-foot-wide, 1,400-
foot-long entrance channel.

~ Ala Moana Beach Park, the finest and most pop-
ular beach park in urban Honolulu, lies between the
Ala-Wai Boat Harbor and Kewalo Basin Light-Draft

Harbor, The 4,000-foot-long, 150-foot-wide beach at’

Ala Moana is primarily artificial. Magic Island at the .

cast end of Ala Moana Park is a manmade penin-

sula which was completed in 1964 through recla-
mation of about 30 acres of shallow reef (figure 16).

The manmade lighl-dréh harbor at Kewalo Basin
was constructed in 1945 by dredging of the coral
“reef to provide for the berthing basin and entrance

channel. The existing harbor is approximately 800

feet. wide, 1,000 feet long, and 20 feet deep (figure 17).
The entrance channel it the southwest corner- of the
" harbor basin is 200 feet wide, ’
20 feet deep. '

1.200 feet long. and :
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Honolulu Harbor, the largest civil port in Hawaii
and the only commercial deep-draft harbor on Qahu,
was originally developed-in the Late 1700°s in a nat-
ural protected harbor approximately 7 miles east of
Pearl Harbor. Roughly crescent shaped, the harbor,
1s approximately two miles long and varies in width -
from 600 to 2,900 fect. The existing harbor has been
extensively expanded from its -original configuration
by dredging of berthing arcas-into the natural shove-
line and construction of picr dnd other harbor-related
structures along the entire shoreline fronting the har-
bor comiplex. Sand Island, & 500-acre manmade 1sland
which protects the harbor from the open sea, was
arcated on the shallow reef offshore from the harbor
by deposition of spoil material from dredging opera-
tions over the years. The topography of the harbor
complex, including Sand Island, is relatively flat with
ground elevations ranging from 0 to 10 feet above sea
level. :

- Thereach extending from Hanolulu Harbor to Pearl
Harbor is characterizeéd by a miilitary reservation and
a civilian industrial area which includes the Honolulu
International Airport complex. The shoreline fronting
this reach 1s primarily mudflats and gravel beaches.
The two sandy beaches within, this reach are within
the ‘military reservation.” Aruficial struccures hine a
2 500-foot reach immediately. west of Honolulu Har-

~bor and a 4,000-foot reach fronting the international

airport complex.




Fig. 12 Surfing on Waikiki Beach, Oahu ( Camera Hawaii Photo)

Most of the shoreline between Pear] Harbor and
Barbers Point is in military reservation, which in-
cludes a U.S. Air Force base, the U.S. Navy's Pearl
Harbor complex, and its air station at Barbers Point
(plate 15). Much of the shoreline within Pearl Har.
bor has been altered 1o provide for berthing and ship-
yard facilities. Other areas within .the harbor are
either mudflats or gravel beaches. Other than the har.
bor area, the shoreline consists of alternating
stretches of rocky and sandy shoreline. Along parts of
the rocky areas, sand can be found immediately in-
land of the water-level beachrock. The primary sandy
beach areas are at Ewa Beach, Oneula, and artificially
constructed Nimitz Beach.

The 400-foot-long. 80-foor-wide beach at
Beach Park consists of medium- to coarse-grained,
poorly sorted, and predominantly ‘calcareous sand.
The foreshore is usually quite stecp and sometimes
supports a bermt of gravel resulting from storms. Ero-
-sion has occurred at this beach,
west of the park and is considered minor.

Ewa

“but is confined 1o the

“:-tions where the shoreline consists of seawalls.
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A 7.200-foot-long bmrh fmms the: residential area

~west of Ewa Beach Park. Although’ the beach has an

average widith of 50 feet, it tapers in width o sec-
Erosion
which has occurred along a 4,000-foot-long “section
is considered signifi ‘znil from the standpoint of prop-
erty losses.

Oneula Beach west of Fiwa, Beach is Apprommately '
3,000 feet long and 50 feet-wide. Sand on this beach
consists of moderately well sorted, medium sized
grains of calcareous origin. However. short reaches of
low .ridges of calcareous gravel also occur along this

- beach which generally has a level backshore which is

built to a sharp berm..crest and then to a steep
foreshore.

Nimitz Beach, a mllmn\ bmch pdrk fronting the
Barbers Point Naval Air Station, is nppm&umalely
1,000 feet long and 50 feet wide. The beach was arti-
ficially constructed and consists of medium to coarse
gl‘llllh ()[ (Jl(dl_(()llh or l‘glll.

West Shore (plate 15). The.25-mile-long reach from

.



Barliers Point to Kaena Point is characterized by a
hinterland of broad, ardd valleys alternating with
steepsided ridges; by a shoreline of rocky stretches al-
ternating with soctches of excellent beaches, and by

an oftshore area of very narrow reefs with a steeper-

descent 1o waters of a few hundred fathoms than is
characteristic of any other coast on Oahu. Develop-
ment along this shoreline consists of military reserva-
tions, homestead lands, and rapidly expanding res-
idential and resort areas. This shoreline supports a
total of 12 beach parks, two of which are military
parks and the remaining 10 of ‘which are public
parks. . -

The rocky shoreline consists of either beachrock,
outcrops of Waianae basalt bedrock or raised coral
reefs. which have created terraces 5 to 10 feet above
sea level. Beaches in this area are from about 1,000
to 5,000 feet long, about 100 feet wide, and are
generally composed of medium to fine grains of cal-
" carcous material. Except for the beach at Pokai Bay,

which is protected by a breakwater, the beaches in
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Fig. 14 Eroded conditions o
kiki Beach ) '

f the KL{hiO Beach sector

of Wai-

o




_Fig. 16 Aerial view of Ala Wai Boat Harbor and Magic Island
Oahu

17 Aérial view of Kewalo Harbor. Oahu

Fig.
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tends fromiKaena Point toskahuku,

this area have stee p loteshores, pronounced seasonl
changoes, and dune ridges. ‘

A barge harbor near Barbers l’mnl i breakwater
and launching ramp at Pokai Bay, and o few short
stretches of seawalls are the only amificial structures
along this shoreline. Privately developed. the Barbers
Point bharge harbor serves “a 1,300-acre  industrial
complex immediately west of the Barbers Point Naval
Atr Station. The barbor was completed 1 196F h§ ex-
cavating and dredging an Lsshaped area on the flat

" coral coastal plain. Bimensions of the basin are ap-

proximately 528 by 700 feet. The entance channel,
including the otfshore porton, is 1,300 feet long and
220 feet wide. Additional alteration of the shoreline
adjacent 10 the barge harbor would result from con-

struction of the proposed Barbers Point Deep-Draft

Harbor which was authorized by the Congress under
the River and Harbor Act of 1965. Engincering
plans for the lr.u'lxn";n‘t“.l)bix]g‘ developed by the
Corps of Engineors. :

Except for signilicant crosion at the public park at
Maili Beach and the military” park at Pokai Bay, the
reach benween Bavbers i’m i oand (Kacha Point s
characterized by scasomal erosion and: acoretion. The
erosion which occurred wlong a 2.000-Loot-leng reach
of Maili Beach Park during the winter of 1968-69
undermined an outdoor shower fuctlity and jeopard-
1red the stabiliny of the park’s comfort station, This
wits the most severe mcident o! the erosion which
has been occurring at this beach as evidencedy by the
vegetation line which-has receded about 50 feet-durig
the Tast 20 véars, :

Frosion along the cemdr seetion of the beach front-
ing the miditary beach park at Pokat Bay has under-
mined. a retaining wall und endangered several ad-
jacent structures. This crosion, which is redueing the
le(le.monai asefulness-of the -beach, -
the center-section, ~The morthern. seetign” is aelatively
stible and the southern section 1s accreting. Remedial
action wits  taken on several occasions by Army
Reserve umits who translenred- some of the sand from
the acercted southern seetion o the :denuded center
seetion ol the beach, )

North:Shore (plate . 17). This 2-mile-long reach ex-
he main coastal
fearures of this -reach are the strong avinter surt and

- the frregular reef. Stom swellswhich usoally origi-

nate in‘the vicinity of the: Aleutian Islands often cause
extrenie surfl conditions which. inflict-severe damage
to-the beaches and beachfront properties along this
coastal reach, These storms-uswilly .occur during the
winter months. During the summer, the beaches
ustally accrete, and.are among the widest and best
braches on -the ssland. -Except for a mihitary air- .
ficld and park, mest of this reach is.in agriculwre,
recreational beach parks, and residential develop-
111(‘11[5. ' :

is confined to .



The S-mile-long shoreline imumediately  east of
Kaena Point is a pladorn cut imo lava basalt near
existing sea level. Generally, this reach is covered
with boulders and cobbles, but therc are several
stretches of sand beaches and a few tiny pocket
beaches. This reach is followed by a 6-mile-long reach
known as Mokuleia Beach. The shoreline along this

rcach. is predominantly sandy beach with a few scat- .

tered areas of ‘exposed beachrock hehind which are
found: pockets of - sand. There are extensive dunc
ridges along this reach. Some of ‘the dune sand has
*_been excavated for commercial purposes. Most of the

“dunes. are stable. but somé at the west end are -

- active. Critical erosion has occurred along a 2-mile
reach of Mokuleia Beach. This reach was also severe-
ly damaged during the storm of December 1-4, 1969.
High waves damaged structures and inundated prop-

erty as far as 250 feet inland from the shoreliné.”

. The hinterland of the reach extending from Mo-
-kuleia” Beach 10 Haleiwa Beach Park is a genile
coastal plain which slopes tinland to a saddle between
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the Kool and Waiinae, Ringes. This area contains
alarge sugar plantarion and the contiguous small
towns of Waialua and Hadciwa, ,
The shoreline along this reach has two bays and al-
ternaunyg reaches of sandy beadhes and rock outcrops.
The only significant ahieration of the naural shore-
line along this reach is at the Haleiwn Boar Harbor
at the west.end of Waitalua Bay (figure 18). As direcied
by the United States Congtess, the Corps of Fo-
gineers completed the Federal portion of the havbor
in 1966. This portion consisted of a 610-loot-long.”
120-foot-wide,  12-foot-decp  entrance  channel; i
1,200-foot-long  revedied  mole; a o 520-fooi-tong:
80-foot-wide diversion chanitel for the Anahuilu River;
and a 7.4-acre protected harbor area. The State
portion of the harbor was completed in 1967, and
consisted of dredging of a berthing area; consuruction

of 20 catwalks to accommodate 40 boats and 4 min-

ginal wharf adjacent to the Luanching ramp: paving of
the area behind the canwalks and nurginal whaf: and
mstallaton of utilies.

_Flg. 18 Aerial view of Haleiwa Harbor and Haleiwa Beach Park. Oahu.-
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Haleiwa Beach Park, which lies immediately cast
of the boat harbor, has experienced critical erosion. In
December 1949, the entire shoreline from the north
end of the piark to the mouth of the Anahulu River
was fronted by an excellent sand beach which ranged
m width from approximately 90 1o 130 feet above
mean lower Jow water, However, during the carly
1990°s gradual crosion was observed. This erosion
continucd, and by December 1965 the beach {ronting
a section of the park had eroded to within two feet
of a seawall which collapsed two months later. On
March 9, 1937, a large volume of sand was lost due
0 a sunami which originated in the Aleutian
Islands. The severity-of continued erosion of this
beach justified Federal participation in a beach ero-
sion contiol project which was completed in 1965,
and resulted in, among other things; a 1,600-loot-long
beach with a width varving from 140 to 265 feet
above the mean lower low water line (figure 18).
However. this beach, as well as the adjacent small
boai harbor, was again severely damaged during the
storm of December 1969. Sections of protective struc-
tures such as breakwaters and groins were damaged

anid approximately 7,000 cubic vards of sand were’

Jdost. As aresult, the Siate of Hawaii requested Fed-
eral participation in emergency repair work for the
beach park and ~small boat harbor. In November 1970,
the Corps of E ngineers completed repair of the dam-
aged groiny and offshore breakwater, and placement
of about 7.000 cubic vards of sand over the ecroded
sections of the beach,

Kawatloa Beach. a two-mile reach extending cast
from Haleiwa Beach Park, consists ol alternating
stretches of sundy beach ‘and outcrops of lava and
beachrock. The beach is predominantly  medium

grains of highl\" calcareous sand. It <"hang<‘s season-.

ally and experiences up to 10 feet of erosion during
the winter: During the last [¢w- vears, ‘erosion along
“a+2,000-foorlong reach has encroached on residential
property to the extent that remedial measures are
required. The high waves during December 1-4, 1969,
resulted in comsiderable loss of sand, structural dam-
ages, and loss of propeny (figme 190

Waimea Bus. whueh lies east of kawailoa Beach,
is flanked by wide expanses of rocky shoreline, main-
Iv Iava basalt. The most important of the few river-
mouth barrier beaches on OQuha les ac the head ot
lhi% bayv. This shightly. arcuate pocket beach is about

1.800 feet long and 150 feet wide. The widih of the
beach varies scasonallyv., with sand irom the souih-
west end moving 10 the northeast end during the win-
ter. then moving back during the stimmer. Somie sand
also moves offshove during the winter! lhv beach has
a.steep foreshore during the winter and a Hat one
during the summer. The sand  is  well-sorted.
mediume-sized griins of calcareous orgin,

been extensivels amined tor commercial purposes up

and had

. to about 1965.

Fig. 19 Damage to a sec!ibn of the coastal highway along Kai- :
wailoa Beach, Oahu

The beach is now a popular public
beach park, although swihmming during the winter
is extremely dangerons because ‘of high waves and
strong rip currents in the bay,

Sunset Beach, a two-mile-long reach cast of Wai-
mea Bay, s the longest wide beach on Ouhu. Although
outcrops of brachrock and raised rect are scasonally
exposed av the waterline, the sand behind them is
continuous and averages about 200 icet i width.
Severe erosion occurs during the winter, resulting in
a steep foreshore. However, during the summer the
foreshore slope is relatively gentle. The sand along
this reach is poorly sorted,-medium- 10 coarse-sized
grains of calcareous ongin. .Erosion during the past
two vears has endangered beachtront property along
half of this reach and ts considered critical. Erosion
along the yemuaining hall of this reach is not con-
sidered to he of slgmh(dm(‘ at this an This reach

< was also severely damaged by the storm of Deu mber

1-4, 1969.

A broader coastal plain characterized by hills of old.
lithified sand dunes and marshy lowlinds extends
from Kawela Bay to Kahuku. The shoreline along
this réach is predominantly rocky. In general, points
of land along this irregular coast are of raised veef
Inmestone between extensive developments of beach-
rock. There is considerable sand near the shore, but
except for beaches near Rawela Bay, most of the
sand is in active and stabilized dunes or in storm
beaches which . are beaches ereared immediately in-
land of rock owterops by storm-deposited sand.

East Shore (plate 17). The
windward coast of Oahu is characterized by rebadively
reefs and  vadewind-generated  waves. This
reach extends from Kahuku 1o Makapuu Point and

H2-mile-long castern or

wide

comsists ol agricultaral and residential developmenns,

and several public parks.



i i : c : . )
The northern third of the cast shore extends {rom

Kahuku to Kalae-Oio Beacky Park, and is characterized
by a4 narrow coastal plain between the sea and the cast
Hank of the Koolan Range. Developments along this
reach are pununll\ agriculunal and residendal, and
include six public parks. Although sandy beaches
front much of this coastal reach, they are all very
narrow except for those at Kahuku and Kahana ‘Bay.

" Part of the coast, particularly sections at Punaluu and

"Kahana Bay, consists of boulders and cobbles. Sea-
walls which are common along parts of this coastal
reach were constructed in an effort to protect beach-
front property from crosion. '
A 4,000:loot-long reach (rmmngr a golf course in
" Kahuku has an average width of 100 feet and consists
of sand and bédrock. The reach extending from Ma-
Kahoa Point south of the golf course to Laniloa Point
consists of two bavs with beaches averaging 70 feet
in‘width. The [irst. an unnamed crescent shaped bay,
is composed of calcareous, moderately well sorted,
{ine grains -of sand. Rock is exposed at the shore
near the north end of the bav, and a small patch

head b,
vepela-

ol beachrock is exposed in the muddie ol the
There is no berm developient, but o sandy,
ted terrace is indicative of ancold benms The rernnace
15 borderéd on the humdwind: side by o vegetiated
old dune ridge on which houses are huile

Laie Bay, immediately south of the unnamed bay.
ts convex seaward at the center and broadly concave
seaward on both sides. The beachh has a relitively

" steep foreshore, although a small berm occastonally

develops, The sand is well sorted, medium-sized
grains of calcareous origin.

A narrow but attractive beach
unnamed hay in the center of the reach extending
from Laie to Hauula. The beach is slightly arcuate,
with a small rocky point 1o the north and a broad,
rocky and sandy point o the southeast. The sand is
poorly sorted, medium to coasse grains of calcareous
material. The head of large,. steep-walled, sand-
bottomed channel lies close 1o shore in the middle
section of the bay. The reef off the south part of the
heach s verv w ide and shallow:

lvonts o shallow

Fig. 20 Aerial view of Hauula Beach, Oahu
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The fairly soaight but narrow beach fronung the
public park at Hauula s 2,000 feet long and 40 feet
wide (figure 20). There is no berm along this beach
which bas 4 moderately sieep foreshore. The sand.- is
composed of {airly well sorted, medium-sized grains,
about four-fifths of which are of calcareous material.
Erosion since 1935 has claimed an average of 14 feet
of beach along a 1,400-foot reach. In November 1969;
the wop of the beach 5lope along the northern end of
the park was within 5 feet of an adjoining highway
right-of-way. Toward the southern end of  the park,
the top of the beach slope was within 3 feet of the
park pavilion which houses a concession stand and
bathhouse. The top of the slope along the central
secuion extended along a line of 14 ironwood trees
which have been partially undermined by erosion.

The reach from Hauula to Kahana Bay 1s char-
acterized by very narrow beaches. Seawalls which are
common along this reach were constructed to protect
beachfront property and the coastal highway from
erosion,

The 3,000-foot-long shoreline fronting the Punaluu
Beach Park has been severely eroded. The shoreline
along the northern half of the park consists of cobbles,
houlders, and very linle sand. Prior o 1935, large
boulders were dumped along this sector in an effort
to protect the shoreline. A 10-foot-wide sandy beach
fronts the southern half of the park. The beach is rel-
ativelv flat and composed of poorly sorted, medium to
coarse grains of calcareous sand. It was severely
eroded during the winter storms of 1968-69.

Artificial structures along the north and south sides
of Kahana Bav flank a crescent-shaped barrier beach
at the head of the bay. The artificial structures con-
sist of a boat launching facility on the north shore and
an ancient Hawaiian {ishpond along the south shore.
The 100-foot-wide harrier beach fronts a public beach
park. The beach has a relatively flat slope and is

- composed of poorly sorted; medium to fine grains of
calcareous limestone. A very shallow reef exists on the
south side of the bay, and a sand-hottomed channel
leads out from the center. Sand in this channel, one
of the largest on Qahu, 1s more than 15 feet deep.

A very namrow gravel beach extends from Kahana
Bay to Swanzy Beach park. The landward limit of the
shoreline fronting Swanzy Beach Park is defined by
a vertical masonrv seawall, At .mean low water, the

beach seaward of the wall is about 20 to 30 feet -

wide. Cobblestones comprise the bulk of the beach
material which ranges in size from sand 1o small boul-
ders. A shallow coral reef exiends about 1,500 feet
seaward rof the beach and is estimared o underlie
the beach atan clevadon of about -2 fect MLLW. The
Swinter storms of 19681969 severely damaged  the
beach and undermined the protective seawall. - Acere-
ton which has histortcally occurred at thirs beach
during sunumer months did not occur during the sum-

mer of 1969 10 alleviate the from erosion
during the previous winter,

The 1,700-foot-long, 40-loot-wide beach at Karawa
Beach Park has been subject 1o erosion over the vears
(fligure 21). Since early 1962, from 40 to 60 feet of
land has been lost due 10" erosion along the enure
length of the beach. High . waves during December
1968 and January 1969 were-particularly damaging,
and caused undermining of numerous coconut trees
as well as the park’s comfort station. In December
1968, the City and County of Honolulu Department of
Parks and Recreation dumped rocks around many
coconut trees, the comfort station, and along a por-
tion of the beach berm as an emergency measure to
retard erosion. Construction of & new pavilion- bath-
house was postponed because of the severity of the
erosion problem.

lamage

Protective rock revetment lines the shoreline be-
tween Kaaawa Beach Park.and Kalae-Oio Beach Park.
These suucwures were constructed to protect the
coastal highway rom crosion. There is little or no
beach scaward of the swuctures and waves run up
very close to the reveument, The beach at Kalae-Oio
Beach Park is 300 feet: lonq and 80 feet wide, and
is composed of sand of calcareous origin.

The increased usage ol heach parks along the cast
shore and the increased demand for residéntial con-
struction along these shores have [ocused auenton on
the erosion problems in this arca. Erosion at four of

~ the six public beach parks is considered critical from

the standpoint of the effect on the recreational useful-
ness of these beaches. The severity ol the erosion
problem has resulted in requests from the State of
Hawaii for Federal assistance i the construction of a
beach erosion control project at the four parks, Ha-
uula, Punaluu, Swaney and Kaaawa Beach Parks.
Engineering studies of the erosion problem at the [our
parks are currendy being conducted by the Cotps of
Engineers.

Kaneohe Bay and Mokapu Peninsula comprise the
middle third secuon of the cast shore. The northern
hall of the shoreline of Kaneohe Bay is primarily a
rural agricultural and: residential area while the
southern half i1s a highly developed residential area.
Much of the shoreline along Kaneohe Bav is antificial,
the result of dredging and construction of fishponds
and other structures, including open piers for recrca-

“donal craft. Because this bay has a deep lagnon be-

Is con-
“the

tween an outer reef and the shore, the reef
sidered by some geologists to be a barrier veef,
only example of such in Hawaii. The low wave ener-
gies within the bay preclude much reworking of
matertals along the shore, resulting in the creation of
small deltas duough deposition of sediment from
streams entering the bay. The poorly sorted sedimenis
along this shoreline are sandy gravelly site. Man-
grove has begun 1o arow at several locations and i



well established along the Heeia shores. Several an-
cient Hawaiian fishponds, some of which are being
filled for residential development, line the bay.

Sandy beaches exist only. along the north end of the
bay. Beaches in this area are about.80 feet wide. The
three beach parks along the bay are homed b\ mud
flats.

Offshore, bm \\nhm the bay; he extensive shallo“
sand flats of irregular outline and sharp breaks in the

slope of the coral reef. The lagoon bottom is mud: The

main channel that enters from the north end; and
much of the south end of the bay have béen dredged.
The barrier reef which is broad and covered with sand

“over much of ats, surface, pxondes ef[ecme prolecuon_' '

agamst erosion of the shoreling of the bay.

\IoLapu Péninsila, which is developedintoa Marine.

Corps dir station, separates Kaneohe Bay Trom Kailua
Bay.- Because the penmsula was formed by a serics

of volcanic eruptions. bedrock of volcanic¢ character-: -
"Nu $ lonns much of the shoreline. The ondy two sandy -
beaches ard on the north shore of the peninsula. These:

beaches are” about 100 féet wide and dIC ll\td for
\Idune Corps- l.mdmo EXErclses.

‘Fig. 21 Aerial view of Kaaawa Beach. Oahu -

The coastal reach from Katlua Bay 1w \l‘nklpuu
Point consists of two broad bays. Kailua Bay and- Wai-
manalo. Bay, -which are \Ll)lld[(‘(] by Lanikai, - a
broadly convex headland. Dv\(lopm(n s in this area .
consist of a miliary ajr base and park. 5 public
beach })dll\\ i boat lmmhmg [ul]n\ and highly
de\cloped residential areas.

The shoreline around the pmms at each md of the
two bays are rocky. but the-shores between them con-

- sist of fair 1o excellent beachies, The beach fronting

Kailua Bay is about- 2. miles lonz about 100 feet
wide along the residential beach and 150 feet wide at
Kailua Beach Park atihe south end of the bay. The
beach varies in:steepness {rom flat at the south end
10 steep inthe center <nd 1o moderately steep wt

the north end. Behind the beach™aré old, vegetated
~dunes on which beachfront residences have been con-

stucted. The beach consisis .of very poorly sorted,

“highlv cilcarcous sand. Critical érosion along. 1ol

ol 8.000 {eet of thas beach has threatwened b ulllmnl
e sidential Property.

Lanikai Beach which is Jl)i)ll\ 7.000 (Lu long and
60 fect wide froms llu hm(ll md between llu o,



bays. The exisience of o Jarge but shallow offshore
recl-flat and two oftshore islands minimizes wave
action on the beach. As a resule the beach has a
flat slope and the sand is poorly sorted. The north-
west end of the beach has been eroding and sand from
this end has deposited along the southeast end. Much
ol the beach is protected by structures such as sea-
walls and simall jetties, some of which have been crit-
ically undermined by erosion.

Waimanalo beach, south of Lanikai is the longest

continuous heach on Oahu. It curves gently around-

Waimanalo Bay for about 5 miles and ranges in width

from 50 to 150 feet. The calcareous.sand is medium-

to fine-grained and varies from well to poorly sorted.
‘T'he foreshore has & low slope and 1s generally cusped.
Behind the beach is a series. of low dunes which are
covered with vegetation or by beachfront residences.
Shore ownership. along this long beach is divided
between the miluary, the state, the county, and pri-
vate holdings. Bellows Air Force Base fronts 12,500
feet of beach at the north end of the bay. Critical
erosion has occurred along a 2,000 foot reach-at the
north end of the Bellows beach. The severity of the
‘erosion has necessitated remedial action to protect
beachiront property.

Except for sandy beaches at Kaupo Beach. Park and

Makapuu Beach Park, the shoreline extending from
Wainumalo Bay to Makapuu Point is primarily bed-
rack (figure 22). The Makai Range picr facility is
the only artificial structure along this véach. The
heach fronting Kaupo Beach Park 1s about 3,300
frer long and 50 feet wide, and 1s composed of
calcarcous sand. The pocket beach at Makapuu Beach
Park is about 900 feet long and 100 feet wide. It is
flanked on the north by a lava pomt and on the south
by a high sea cliff.

SUMMARY

Oahu is the most highly, urbanized island of the
State. Unlike the other major islands, approxinuitely
one-half of the shoreline of Qahu is in intensive usc
which includes industrial, nulitary, resort, and res-
idential developments. Because critical ~erosion of
these shores could seriously affect their exisung use,
remedial action for these shores would have a stronger
justification than that for less developed reaches.
Approximately  15.2 of the 1985 miles of shore
frontage have been criticatly eroded: about 31.8
miles have a history of erosion but the problem is
not critical at this time, and the remaining 1515
miles have a history of seability or aceretion.




LEGEND

~SAND

“GRAVEL

MUD (SILT &CLAY)

ARTIFICIAL
STRUCTURES

ROCK

e

LR W

“

\ov'l..m.\&/

Termvid,

R S NN

RN

S

SHORELINE PHYSICAL CHARACTERISTICS
ISLAND OF OAHU .

PLATE l2

i

47




B

-l
b, s
g B
I = a S
. o 4 <5 o
. W
(=] =53 Re)
Z = 23 o
:; S < 2
H ra =)
w5 Ol z
wd oo Zo =2

. SN

>
AT LIS .
. RUNN N

S S W
o~ @d% v i
A z 3
m\g} ;‘,"“\ ;\\‘“'\. :a%
It I ag
e : zs
s - ’”"‘ § “o
,.\‘ ' :‘ l| <1
N N - =i
""'t Il.l‘;o
N Z2
{ Jz
h ug
I 7]
ow
/8 “
: § W
H H D 'lmnm],.
1§ ot o
iy 3 '
W N mh ]
s, : 3 %
& W '
[N W
i W3
\}\;":"‘« \ ||::
-
“ -n
Lo
-
< Z ~z
_‘lx
ok

PLATE 13

48



NNAVYAYN

IVAHINYT

vOivH

1d NJYNOW

VMYV VI

1334 NI 37V08

[ === e ]

000'02 )
HLYON

(Avy3a3a
INIWNY

1d 1 . ] : ~1d S¥38¥VE

AYQ VOTIVM

PLATE 14

ITNXYNYN

C31vAIHd
-NON) 2178nd
3A09 Tvy32Q3d . I

S LECER]




LEGEND

z
o
V= i | w PO
Ol < b
z*-Z Suw .2 HANAUMA BEACH. P
82  g°ka NAUBE DS '
P i=r :Z o MAU ot DAY '
-5 9 {‘,gcg’g MAUNALUA SEACH
e O *u
[BXe o] Zw2ZO
2N KAHALA HILTON
o) @ ’5‘@6 WAIALAE-KAHALA
2 .
“ (3) KUILEI CLIFFS
= 4
= ‘_‘;
() 95
) 9 3 u
: sz & &g &
w =2 & =3

Aoy
et

10
~ ém.nu MOANA

fal

g
&'A
(47 EWA' BEACH ™
<
9-’{0 X
Quz
3 ﬁ:
W W
)" o
W =
233
-z 'il‘?"ﬂiﬂf‘
. _ A
» I
! . x
\
|
r 3 - /’ v
: BEACH PARK / “ |
Vs <0 POKAI Z B %
' %;’0 -~ MMILITARY BEACH —]'x
@ MAKAHA : o :
KAENA POINT : o i
|
PLATE 15 |
_




 CORAL REEF
ISLAND OF OAHU

LEGEND

T

e

S

el
ok

TS

: i l

R,
T o

Y
=
“r

N A R

wane

s
N erstenss,
=N

CORAL REEF EXPOSED

W
P
SNy

S e

AT MEAN .
LOWER LOW WATER

[T
\
*_‘\::Q\ :
2, oy, N
pr LT .
RUTIEN N -

3
RELR 4 R

FRRET SR

.o . ‘
/f~‘||\"“\\\‘\“6~\/f y

M ULES:

© PLATE 16




, __ _MAKAPUU
: 3 SSPOINT
] MAKAPUL
) . 3 "BEACH PA
LANIKAI RESIDENTIAL  [23 '3 % RK
(s X)2L= KAUPO
KAILUA REsmENﬂALb =t  BEACH PARK
) 3 SWAIMANALO BEACH
i ~ 2L -WAIMANALO BAY
<A " SBELLOWS BEACH
" LANIKAI BEACH
L' “WAILUA BEACH PARK
== KALUA BAY
-MOKAPU: POINT.

SKANEOHE MARINE CORPS AIR STATION

) ? 3. T
KAAAWA BEACH - : @ HEEIA. .

. i
SWANZY BEACH VY%
PUNALUU BEACH t'o &7 Ll :
A . KALAE-OIO. BEACH' PARK, -
HAUULA BEACH Pe /fé b KAAAWA BEACH PARK  »
T SWANZY BEACH:PARK - .-
. 4 A BAY " . - . s v
4 e [y - . . <
<2 E
. - T
N Oox
- n
- wZ
. ST 2 'e) E
-y w
ast
. wZk
, o gZE
Al
, rrf]
. -~
KAWELA
9
WAIALEE A : ]
RESIDENTIAL @)
sunser & Z
2 i - w
2Lz 3, Z
N “8d g£°ka
KAWAILOA EPQ‘ & .2 Eg =zo2
o x vos s
HALEIWA BEACH PARK EZ2Z 35383
~ HALEIWA RESIDENTIAL-T]] Fuw 08 u
MOKULEIA-(0) L U0oo ZWzo
' j .ot ‘:-." .
| § MOKULEIA BEACH a € @
.\ 4 - ) 4 Qo
—_ —_
L7 ¢ tu 3 i
‘ ; O - o U
[ ] w K.Y ! .
O] S -d = > as O c2
el z = 23 o) =
: wi G by o < v
FLATE 17

i
i
|
J

[&13
N



~ISLAND OF MOLOKAT

GENERAL . v
The island of Molokai, the fifth largest in the state,
has an area of 260 square miles. It extends 38 miles

due east and- west and has a maximum width of 10

miles. The island was formed by the outpouring and

coalescence of two volcanoes, both long. extinct and-

now much cut and degraded by erosion.

The tidal shoreline is 105.9° miles long. About 55 -

percent of the shoreline. is physically inaccessible or :

.- only marginally accessible-bv 1and, and inchides about
"I miles of sea cliffs which are more than 1, 000 -feet

high. The remaining 45 percent of the shoreline is -

physically accessible by land. Nearly half .of the -

accessible reaches consists of sandy beaches, most of-
Plate 18-

11 suminarize the ChaldclerlSLlCS of the.

_ which are along the west Molokai shores.
and table
" island’s shoreline,

Table 11 _
Shorcline Characteristics’
" Island of Molokai!
(1962) R
‘ _Perécm

Characteristics ) Statute Miles
s 58.0 5017
18.7 29
s : 21.b* ; Y939
" Mud (Slh dlld C]d\) 7.1 I
v\-\mhrml structures ... . 75 RV
Total oo, . 1059 100.0°

‘()Hsh(m islands (\( luded.-

Table 12
Shoreline Land Use -
" Iskind of Molokai'

(1962)
Total Shoreline  Sandy Beach
L o Gof % of
Land Use Miles  Total Miles  Total
Re(:rv;ni(m;;I—Pl_x,hlir ........ 0.9 0.9 0.8 RIES
Recréational—Prvate ... 0.0 v 00 0.0
:\‘on Rv(w wional. ) T
7.8 7 3.3 1.3
a97.2 . ULy 19.1 N}
Totil i 1059 1000 232 10000
Offshore islands excluded. . S
Source: S Hawait's Shoreline”™ prepared by the | Siiate of

Hawait Depimtment of Phuming and Feonomic

Develop-
ment in 196, .

. SHORELINE OWNERSHIP

“*Includes 1.4 miles of scasonal sand bmches w hcw the pre- -

dominant beach miterial is sand for only a part of the year:

Source: “‘Hawaii's Shoreline®” prepared by the State - of

-~ Hawair. Department r)f Pldnmnq and I:u)noml( D(’\(]np- :

ment in 1965,

'SHORELINE USE :
Shoreline use in 1962 is shown on plale 19 dlld

sumimarized in table 12 w hich shows lha( 97.2 miles

or 91.7 percent of Molokai's shoreline i is undeveloped.
Most of .the shoreline de\elopmems are along the

* south shore. The notth shore is essentially undeveloped

*primarily’ because of extremely difficult accessibility!

The economy of the island, which is presently cen--

Ctered around pmmpplc cultuvaron and cattle grazing,

is expected 1o remain fairly static,
astindusory s presentdly an insignificand factor in_the
asland’s cconomy. the west coast with ity tine ¢ Hmate
and heaches has o recognized potential for resort
development. However. such development 1s not ex-
pected to be as rapid and extensive as on somv of the
other m.qm 1sland~ ul the state. :

\l(houqh the tour- .

Table 13 and plate 20. (he latest data on shorcline’
ownership, shows that ‘'most. of the island's shore-
line and sandy beaches are privately owned. The land
ownetship reflected in the L nblc s (\]n(lul o remin
l(‘ld(l\("\ static.

) Table 137
Shoreline Land Ownership -
Istand of Molokai'

(1962 " _
-'Total Shoreline Sandy Beach
; o %of % of
* . Owner Miles * Towl ) Miles Total
Federal i ile e, R 2.1 0.0 0.0
Public (non- }‘(’(Ithll : 16.5 3560 3.2 13.8
TPrivate oo 87.2 823 20, U 8462
f()ld] .................................. 105.9  100.0 25‘2 100.0
; l()(fsh(n'c islands excluded. . - ‘ '
Source: “Hawaii's . Shoreline” prepired by the State of

- Hawaii Department of I’Imnmg and l(nnnmu Develops-

©ment in l‘)(n

PH\ Ql(‘AL (H\R-\( TFRISTI(‘S \ND H[ST()R\
OF SHORELINE

Table 141 d(s(nl)(\' the [)h\‘\'i(“l' <'hm';u'l(|’is(i(\
ownership, use and condition ol the principal soody
beaches of Molokai. The Tollowing discussion sup-
plements the datain the table by providing general
descriptions of  the -physical characteristios of  1he



Tnhlr 14

Characteristics of Principal Beaches an \luh.L.n

Stability Classification
Lengih in 1000 Feer

’

Pred Shore Ownenhip .

Length Width T ( Beach ~ ~Shuae Lo in Linar Frat_
. Critical Non-Critical Leogth Widd the of Beach " Beach Public a Nom-
Name Erosion  Eresion  Non-Eroding  Feet Feet Natwral Artificial Composition Fedetal Non-Federal Priv .m Pul-lu Private Recrestional  Undeveloped

Southwest Shore
Holena . ER 10 15,000 - 100 X Caulearenus X 15,000
Kanalukaha 10 10,000 100 X - Y HLIN0G
Northwest Shore |
Papohaku 12 12,000 300 X Caldareous X .00 10,0400
Kepuhi ... . 1,000 100 X - X, 1,000
Kawaaloa 2 1500 295 X ” N 1.0 .
Moomomi ! 600 100 x - X i
North-Central Shore . )
Kalaupapa ... 3 3,000 w0 X Volcanic X 3000
Kalaemilo ... 3 3.000 kAl X Cidaargous X 00
Northeast Shore ) ) R

* Halawa Bay ... - 300 40 X Voleanic XL 300,
Southeast Share .
Pohakuloa © Pukoo Beiches,

{5 miles coastal reach, .
3 miles of befaches] o v & & 16000 - 20 b Calcneous X N Lo . (NG

1,000 F. Public. 15000 Ft Private

shoreline of Molokai. and general assessments of
" shoreline condition. For this discussion, the island was
divided into 6 sections. .

" Southeast Shore (plate 21). This reach extends from
. Cape Halawa 1 kamalo Harbor. Numerous small ru-
ral communtties are scattered along the southern two-
thirds of this reach. The northern third remains un-
developed and -is characterized by low sea chils, a
few small pocket beaches, and minor reef develop-
ment. D

The shoreline from Cape Halawa to Kanaha Beach

is a physicallv inaccessible reach of sea cliffs. The
cliffs are about 100 feet high at Cape Halawa, but
generally less than 50 feet high to the southwest.
Kanaha Beach at the west end of the reach of sea
cliffs is a small arcuate pocket beach about 65 feet
wide and 175 feet long. It is characterized by a mod-
erately steep foreslope and is composed of well sorted,
coarse grains of calcareous limestone. The backshore
is marked by vegetation, and in some places by a 3-
foot-high escarpment cut into alluvial fill.

The shoreline extending from Pohakuloa to Kama-
lo Harbor is predominantly artificial. Most of the 53
ancient Hawaiian fishponds on the coast of Molokai
are on the reef flat within this reach.
fishpond walls are in a badly deteriorated condition,
and the ponds are silting rapidly.

A narrow coastal plain built by the deltas of inter-
mittent streams extend along this coast. There are
several reaches of sandy beaches between [ishponds
and mudflats, but most of them are very narrow.
Pebble beaches are common at the small delas front-
Ing stream mouths. .

- A shallow fringing reef which is often more than o
mile wide extends along the southern two-thirds of
the southeast shore. There are natural deep indenta-

reef.

o

- drain the broadly convex slapes of east Molokai. Most

Most of the -
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tions every mile or so ;11011g the eastern part of the
Considerable red silt is being deposited on the
reet surface, but large palches of sandv. bottom are
also present.

South-Central Shore (plate 21). This reach (‘\'lt‘ﬂds
from about one-fourth mile west of Kamalo Harbor
1o about a half mile west of Qoia Fishpond, and is the
most highly developed reach of the island. Kaunaka-
kai. the principal city and population center of Molo-
kal, lies within this reach.

The shoreline from Kamalo Harbor to Kaunakakai
is characterized by alternating stretches of sand,
gravel, and artificial structures, primarily ancient Ha-
walan fishponds. Although the sandy beaches are of
considerable-length, most of them are only a few feet
wide. Gravel beaches are most common at the small
deltas at the mouths of intérmittent streams which

of the fishponds ure in a badly deteriorated condi-
tion. and the ponds are silting rapidly. A shallow
fringing reet which is more than a mile wide 1 places,
extends along the Kaunakukai end of this reach (plate
22).

The shoreline {ronting the town of Kaunakakai was
altered by construction of. a barge harbor in 1934,
This harbor, the principal port for the island, consists
of a dredged channel and barge basin 1,500 feet long,
600 feet wide, and 23 feet deep, and a 2,700-foot-long
paved mole with a wharf facﬂm at the seaward end
(figure 23).

The shoreline west of Kaunakakai
growths of mangrove over ridal mudflats.
Southwest Shore (plate 21). Except tor a barge
harbor and a Coast Guard reservation, the reach from
Oota Fishpond to Kaheu Gulch is undeveloped, Mud-
[Tats comprise the west end up o Pakanaka Fishpond.

consists of



The shoreline from the fishpond 10 Kolo Wharl con-

sists of narrow beaches, some of which are primarily

sandy while others, particularly those near stream
mouths, are cobble beaches. Small lengths of mixed
" cobble and sand beaches, old fishpond walls, and
mangrove also exist within this reach. The edge of the

fringing reef in this area’ is about a mile offshore.:

The reef is being rapidly covered by red silt washed
down from cultivated and: grazed fields.

Flg 23 Aer/al view of Kaunakakai Barge Harbor, Molokai

Kolo Wharf is a 600-foot-long abandoned pier
and wharf facility approximately 3.5 miles east of the
Hale' O Lono Barge Harbor. The shoreline between
the two facilities is a-mixed ‘cobble and sand beach
with an average width of 100 feet. It is gencra]l\'
“sandier at both ends than in the middle.

The ‘Hale O Lono Barge Harbor consists of a
1,500-foot-long east. breakwater and ‘a 1,100-foot-
long west breakwater, an 18-foot deep- and-500-faot-

‘square turning basin; and a 260-fcot-long wharf. This .~

-privately operated facility was constructed in 1959,

The shoreline from Hale O Lono. o Laau Point -

consists of alternating stretches of beachrock and

sandy .beaches. Kanalukaha, one’ ‘of the sandy beaches - ;
“within this.reach, is 10,000 feet long, 100 feet wide,: .

and primarily composed. of calca reous sand. At one
"timé this beach had large. deep cusps’ with*beachrock
exposed in troughs except at the western end w hich
had a high berm with a moderately steep lowslopt
The sand consisted of extremely well sorted  coarse
_grains of calcareous material. However, in early 1962,

e\posed In some places. :
The shoreline arcund Laau Poml to Kaheu Guhh
consists of lava basalt seéa cliffs and lengthy strétches

“of beachrack, Storm beaches, Targe arcas of sand de-

posited inland of the beachiock by storm waves, are

~common along this reach: Kamakaipo, the fargest of

these beaches, is about one mile long. The sand 1s
well sorted, very coarse, extremely low in volcanic
material and about 1wo feet thick along the foreshore.
Low vegetated dunes exist along the backshore.

Kaunalu-Beach is a small pocket beach at the head
of Kaunalu Bay north of Kaheu Gulch. Both ends of
this 60-foot-wide, 150-foot-long beach terminate

“against boulders lying against basaltic rock which

form the points.of the bay. The sand consists of
well sorted, very coarse grains of predominanty cal-
careous material.

A small unnamed pocket beach lies at the head of
a small bay about a half-mile north of Kaunalu Bay.
The beach partly bars an- unnamed intermittent
stream and is abour 80 feet. wide and 250 feet long.
A berm exists only where-the stream meets the beach.
The foreshore along the rest of the beach extends in-
land with a steady rise to a grassy, flat backshore
area. The sand is poorly sorted and contains a small
amount of volcanic material among the pre (l()mnmnl-
ly calcareous grains,

Northwest Shore (plate "3) A Coast Guard reser-
vation at Ilio Point and a small sand-mining facility
are the only developments along the northwest shore

~which extends from Kaunalu Bay to about $ miles

east of Kawaaloa Bay. Pocket beaches at the. head
of tiny inlets interrupt the low sea chilf from Kaunalu
Bay to Puu Koai south of Papohaku Beach.-

One of the finest in' the state, Papohaku Béach
lies between a lava headland at the south end and
a cinder cone headland .on the north. This fairly
straight beach is 12,000 feet long, 300 feet wide, and
consists of well sorted, coarsé, medium grains ol pre-
dominantly calcareous material (figure;24). The sand’
extends offshore férfahout 1,200 feet. ‘A ‘private
construction company maintains a permanent sand-
mining operation at the southern end.of the beach.
The year-round removal ol sand is dependent on lit-
toral drift in-a southerly direction. However, dae 10 a

'(ombm.m(m of exce ssive sand removal and to a win-

ter of successive southern storms which produced a

_nortliwaid littoral drift during 1962 and 1963, critical.

sion “at the southern™ end "of the beach washed

“out.the quanying operation. Since that time,  the

sand-mining facility has resumed operation, .
CThe cinder cone at the north end of Papohaku Beach

, ‘matertal. How 02, -« separates it from the 1,000-foot-long, 100-foot-wides
sand mining operations were mmdled and byvispring -

_of that. year the beach was completely. desmmd E
Allhough much of the. beach has returned smcc er-
mination of sand mining, jagch heachrock are slll :

beach at’ Kepuhi, This slightly arcuate beach is com-

posed of well sorted, mediunm grains of cilcarcous
“-sand.. A steep foreslope reflects the occurrerice of
X lunung breakers along this heach.

" “T'he shoreline from Kepuhi Beach to Ilio Point
consists “of alternating reaches of sand and gravel

o hm(hes as mll as low sea (llﬂs Thcw ch[l\ gradual-



Fig. 24 Papohaku Beach, Molokai
i

ly-' increase in height and are from 100 to 500 feet
high along the physically inaccessible reach between
Ilio Point and Kapalauoa..

The reach between Kapalauoa and Moomomi

Beach has one of the most impréssive dune develop-
ments in Hawaii. Between Kapalauoa and Kalani
Beach, the dunes extend 4.5 miles inland and are
fed by three calcareous beaches (Kalani, Kawaaloa
and Moomomti) to the north. The shoreline fronting
Kalani Beach consists of beachrock at the waterline,
behind which lies a 100-foot-wide storm beach.

Kawaaloa Beach which has a length. of 1,500 fect
and an average width of 225 feet, is subject to sea-
sonal accretion and erosion. The sand is well sorted,
coarse in size, and predominantly composed of cal-
careous grains. The foreshore is moderately steep and
15 tvpically scalloped by large cusps. The backshore
is a series of sand dunes built by the brisk trade-
winds which sweep almost contnuously acrass this
beach. Older dunes, some of which have solidified,
extend across the island and are known as the Molo-
kai “Desert Surip." A coral reef lies about 250 feet
offshore. _ . v

Moomomi Beach is a 600-foot-long. 100-foot-wide
pocket beach which is separated from Kawaaloa
-Beach on the west by a rocky headland. Sand ulong
this beach is predominantly calcareous. Large patches
of sand also exist offshore. '

North-Central Shore (plate 23). Except for a Coast
Guard reservation and urban development at Kalau-
papa. the shoreline along this redch which extends

from about three miles east of Kawaaloa Bay to Ka-

“laupapa Peninsula is undeveloped. Sea cliffs which

are less than 50 feet high' near Moomomi Beach ex-
tend to the west end of the Kalaupapa Peninsula
where they rise to about 1,700 feet.

The only three sandy beaches within the north-
central shore lie along the west side of Kalaupapa
Peninsula, Data are available on only two of these
beaches, Kalaupapa Beach, the southermmost beach,
is about 3,000 feet long ‘and 75 feet wide. The west
end of the beach terminates against a talus of
boulders at the base of 1,600-foot-high sea cliffs,
and the east end terminates against low outcrops of
lava. The beach is subject 1o seasonal accretion and
erosion, Beach sand consists of a well-sorted mix-
ture of medium-sized grains which are largely vol-
canic in origin and thefefore black in color. The back-
shore of the beach ends abruptly against a boulder

Ctalus at the base of-high chiffs. There 15 no offshore
" reef; mnstead a sandy bottom with a steep slope ox-
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tends off the beach. )

Exéept for the Kalaupapa Barge Harhor, the coast
between Kalaupapa Beach and Kalaemilo Beach to
the north consists of low outcrops of lava basalt. The
barge harbor was improved by the Corps of Engineers
in 1967, and presently-consists of a 114-foot rubble-
mound breakwater and a 0.6-acre enirance channel
and basin area.

The 3,000-foot-long.” 75-foot-wide Kaluemilo Beach
immediately north o the wrban development  at
Kalaupapa is subject 1o seasonal accretion and ero-
sion. As such, the shoreline is sometimes marked by
exposures of lava and beachrock. In contrast to Ka--
laupapa Beach, this beach is composed of predomi-
nantly calcareous sand which 1s very well sorted and
medium-grained in size: A rocky bottom with numer-
ous sand pockets extends offshore.. . ¢ - B

Except for starm beaches and patches of Dhlown
sand, the shoreline along the north and cast sides of
Kalaupapa Peninsula consists of sea ¢liffs which rise
to ubout 100 feer ar the southeast corner.

Northeast Shore (plate.23). The shoreline [rom Ka-
laupapa Peninsula to Cape Halawa.is one of the most
spectacular reaches of Hawaii's shoreline. This reach
consists of sea cliffs which are more than 3,000 {eet
high in the cenual section and about 100 feet high
at both ends (figures 25 and 26). It is interrupted by
large valleys at Waileia, Waikolu, Pelekunu, Wailau,
Papalaua, and Halawa, all of which have alluviated
bottoms and some of which have beaches at the valley
mouths. : '

The shoreline fronting Pelekuni and Wailau Valleys
has @ cobble-beach base which is covered by sand
during the summer months, At Halawa Bay, a low
sei clift divides the shoreline o two arcuate pocket
beaches, both of which are backed by sand dunes.
The beach at the northwest end ol the bav consists”



Fig. 25 Sea'stack and steep seacliffs along the 'norlhe:asr'éoa@t -

'of Molokai

of cobbles and boulders which are seasonatly covered
by sand. The beach at the sontheast ceud conststs
ol well sorted, meditnm grains of volcanie fragments
and calcareous minterial in about equal proporucns.
Offshore, the bottom is rocky and covered with boul-
ders out to about the 23-foot-depth. Several sea
stacks, which are parts of old sca cliffs isolated by
marine erosion, exist offshore. Some of them are more
than 350 lect high.

SUMMARY

- About 2.5 miles of the shoreline of the sland of
Molokai are considered tor be undergoing criticud
erosion. About 9.1 of the 1059 miles ol shorcline

~have a history ol erosion bt the problem is naot

critical ad thus dme. The remaimg 948 wiles have
a history of sability or accretion, :
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ISLAND OF LANAI

GLNERAL
‘The iskand of Lanai, an extint shicld- lypc volcano,:
“has anaréa of FE squane miles,. Most of the island is

a high platcau with a maximum elevation of 3,370

deer above sea level, Lanai City, the ‘only town on
theaslind, is loeated on - lht plalc.lu atan. Lle\auon of
1,620 feer.

The tidal shoreline is only 52, 3 miles- long, half of

which_is rocky and physically inaccessible by land. A . %
. linde less than half is accessible, of  which- nearly - -
+"'three-fourths is sandy beach. The characteristics of the ~ -
island's shoreline are’ summarlzed in table 15 and

shown on plate "4

T : Table 15 ,
' Shoreline Characeristics. .
Istand of Lanai! . -

(1962) :

Characteris(ics Stalute \lees o Percent

: . 304. .. 381

CGravel S 36 .- . 69
S8 e S 1 O Co 348
CMud (Siltand Clav) ... L 00 -0.0 -

Artificial stnictures ’ ‘ or. - - .02
CTeta) e e, e 3230 1000

) -’Of[shm( islands (\(lude

source: “Hawali's Shoreline,” pr(pared b\ lhé: State of

[{awali Deparurient’ of P]annmg and Economlc De\elop
xmm in 1065.

SHORELINE USE ‘
Shoreline use in 1962 is summanzed in table 16

Plate 25 shows that except for recreational develop-

ment at Manele Bay and 2 barge harbor at ]\aumala- .

pau, the island's shoreline is undeveloped. -
‘No dynamic changes in development of the xsland s

shoreline are .mnupaud Ldl]Ell $ alreadv small popll- :

. H:n\zm D(p.lrln]( nr ol Pl mnmg ‘md l:u)nomu

" large landholder wh

Jlation- is expected to continue . to decline due 0

out-migration. . Unlike the island ol Kauai. no re-
versal of Lanai's economic decline is foreseen in. the
near futuré since no new developments such as resort

- hotels and tourist destination: centers, lunc been
-planned for this.island. The:economy. of . the island
. would pmb.nbly rcmum comewd around pm(’apple

~cultiv auon
Tablc 16 .
: Shorelmc Land Use - |
_Istand of Lamu' MR
(l‘)br’)
Toldl Shoullnc .Sandy Beach
C R Sl %ol o Y of
o l Use' . .~ " Miles  Total - Miles . Total
o Ruxmumml—l’ul)lu U | I S S06 83
Rulmuona]—-l’n\.m 200000
\(m Recreational o S
. Dévelspment ...l’; Mo, : 0.1 0.5
l ndeuloped ............... 17.5° -96.2
18.2, 100.0

) ‘()Hﬂhm‘( islands exclided.”

Source: . Hd\mus Shoreline,” })lt[)dlt‘(l l)\ the, S

mcm in l967 :

- ‘SHORELINE OWNERSHIP

Almosl all of :the island of Lanal is owned l)) one.
salso owns 98.5° ‘percent of the,

shoreline, including the 18.2 miles of sandy beaches
(plate 26). Abouit 1 percent (0.5 mile) of the shoreline

- is owned by the Federal Governmeni-and consists of._
: llght stations opemlcd by the U.S. Coast Guard. The
» remaining 0.5 percem of the shorelmu is- owmd by
¢ the: Slale of Hawau - Cot L

. “Table 17 . ‘.
(hnr.memu(s of Principal Bm(hu on l anai

Slahlhu C lawfu_anon
Length in 1.000 Feu

Critical \on~£nu<al

.. : . L >Priv.a(e_‘;
S N ‘Predom..- - Private. Recrea- o
L:‘".'-‘ﬁ‘_“i""‘ \élural Bcach (ompo ‘Owned tional Use- Lﬁdé\'i’lnp'e'd ’

Name ‘ - Erosion Lroslon \on-Erodmg “Feer | “Feet " Beach -7 sition - Shore..  Lin. Fl Sl Fu,
Hilopoe Buy Bewh 2. AL U U)]) I . (,ﬁll(';tl‘c'lrlls ©OX - Laoo’ S
Polibua ool ! 5 0000 150 . X € cous: X N UL oo
R}

Fliuobd e o 5000 35 X O U Welamic XS - 5000

s PRECEDNG PAGE BLANC




PHYSICAL CHARACTERISTICS AND HISTORY
OF SHORELINE

Table 17 describes the physical  characteristics,
ownership, use, and condition of the principal sandy
beaches of Lanai. The following discussion supple-
meitts the data in the table by providing general
descriptions of the physical characteristics of the
shoreline and genieral assessments of shoreline condi-
tions. For this discussion, the island was divided into
two sections.

West Shore. The reach extending from Kamaiki
Point to Polihua Beach is primarily sea cliffs. Sandy
heaches occur onlv at the head of Manele and Hulopoe
Bays and along. the northwest end of this reach.
Three developed; shoreline areas of the island are
locatcd along this shore.

" A sea cliff which extends sou[hweslward from a
point near Kapoho Gulch is low for the first mile.

but becomes graduanlly Tnghvs dong the const to
Manele Bay., Priot to 1965, o smadl pocket heach
existed at the head of Manele Bay, wlndh s bound
by steep faults on the cast and by a lova terrace on
the west. The northeast end of the beach consisted of
coral sand and was separated from a larger beach (o
the southwest by a short reach of rocky shore. The
larger beach was nourished by dark basalt sediment,
and was therefore reterred to as Black Manele Beach.
This beach was modified in 1965 by construction of
a small boat harbor. Aruficial suuctures comprising
the harbor include a 470-foot-long rubblemound
breakwater extending from the east side of the bay,
a launching ramp. and 12 finger piers {figure 27).

Manele Cone, a cinder and spatter cone which has
heen extensively shap(‘d by marine action, separates
Manele Bay from Hulopoce Bay. A small pocker beach

A

Fig. 27 Aerial view of Manele Harbor, Lanai
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ies T the head of a cove formed by the et side of
“he cone which is i sea cliftand the west side w_hi(’h‘
The cone
*i4 now a peninsula which is.tied to the main island’

by brach sediments that are still bung deposued in.

is a bench about five feet above sea level,

Mancle and Holopoe Bays..
A 150000t long;

100-foot- w1de arcuate - pocket .

bezich lies at the head of Hulopoe Bay. Boulders lying. -

against lavi points occur at each end of the beach,
which |smmpowd of a mixture of medium and coarse

])dl‘l\ occupy ‘the hackshore. The foreslope is” steep, a

re sult of the large swells which -attack the -beach™
which is subject ‘to. seasonal accretion and’ erosion. ..
" The shoreline from Hulopoe Bay to Palaca Point .
is generally a'low sea cliff. The Kaholo Pali, which

extends from Palaoa Point to KaUmalapau -Harbor,

Point; and is.the highest sea cliff on Lanai.

Kaumalapau Harbor, w hich esseritially consists of a h

;-!OO -foot-long barge wharf and'a 250- foot- long break-

‘for exclusive use by bdlg(‘ .
*struction of the Manele Small Boat Harbor, it accom- =~

" terminal. »
" Polihua Beach lies dlong the nor th\\ esternmost part.
of Ldndl
“.quantities of sand. It is about 9,000 -feet: long with
The beach is subject

_an. average width of 150 fect.
“ 1o seasonal changes. Duringithe late. fall, sand shifts -
1o the castern end of the beach, dnd by winter the

water. is privately owned, The hnlbm was constructed
however. prior
modated fishing. vessels, and other small. craft.. The
harbor * is the i'sl;md's on]\'

and 15 an’ excellent  beach with

castern portion is bhuilt out o widthg of over 350 feet.

-~ The reverse situation occurs during the summer when
The sand is modera(ely‘ well
sorted, medium and coarse in .grain size, and con-
sea cliff

sand shifts westward.

tains very litde \olcamc detritus. A" low’

“occupies the backshore at the west end of the beach,

" of beach and beac hrock;

whereas large, high dunes lie back of the beach at the
cast end. The entire reach usually has a moderately

large.

- grains of calcarcous material. Low dunes and a beach.

- rises to 1,000 feet in: elennon just north. of Palaoa

- %MMAR\
to.con-

-imeris]und shipping_ :

steep foreshore. - result- of ldxge waves which flC
quently strike this beach. In addition to large waves,

an extiemely swrong alongshore cunem sw eep< west~-f.

\\.nd along lhh beach.

‘Eas( Shore. Except for a’ small industrial dewlop- -
-ment at Kaiolohia Bav., this reach is undeveloped: The -
- shoreline extending from Polihua Beach to Kahokunui..

at thedelia of a gulch consisis of allem'mng stretches

beaches and mud and gravel at stream mouths, :
-From Kahokunui to Halepalaoa Landing, the shore-’

line consists of narrow beaches of “fine sand chieflv

of detrital origin. Small deltas of pebblesind cobbles
Cexist !

near stream mouths. Such” a delta exists at
Huuola Gulch wherea conuinuouns alluvial flathas been
built our” during historicdl time.” A-5,000-foot-long,

with dune“areas behind the -

“35-foorwide

. coarser grained, and as the reel narrows past’

the state lies off the northeast coast of Lanai.

E llnt be whes’

the problem is not critical’at this time.

consists” of
sund

he  dedta
mediumesized

) beach - fronting
gravel and moderately sorred,

~composed Glmost endirely, ol olivine and ava rag-

ments. The backshore is a poorly sorted mixtare of
mud and gravel which is intermitiendy washed sea-
ward by Hauola Stream. The beach is relatively
stable because of a protective reef which extends
about 1;800 feet offshore (plate 27).

Beaches along the reach extending from Halepalaoa
to Makaiwa Point are composed of calcareous sand.
However, beaches south of Makaiwa Point l)uumc
Naha
the shore becomes a pebble and cobble beach which’
continues past Kapoho delta where a sea clitf hegins

‘One of the longest stretches of fringing reefs in
In
several places, the reef is more than 3,000 feet wide.
Together with the island of Molokai and Maui, the
reel protects the northeast shore Trom storm waves so -
along this shore are _Nl.lll\(l} stable.

Ab()ul 0.8 mile of the shoréline of the island of
l anai 1s unden,omg, critical evosion. About 2.3 of the
52.8 miles of shoreline have a history of ¢rosion but -
The remaining
lf)" mllc have a hlsl()l\ ut stabilite or qucuon .
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B o ‘_ISLAND_‘;OI?‘MAUI_

“GENERAL

- The island of Maui is of volcanic origin ‘and consists *

of two major volcanic cones, the East Maui cone or

.. Haleakala Volcano and the West Maui cone, which .
‘1. are separated by an eight-mile wide isthmus formed
" by overlapping lava flows. Urban areas have been
developed along physically accessible reaches of the
"'/ coast and-along the lower slopes of both volcanoes. '
" "The higher slopes are used primarily. for watershed .
% areas, ranches, and small farms. - _
" The tidal shoreline is 159: miles - long, about 59’
" percent of which is margmally or wholly inaccessible " .
by land. The characteristics. of “the  shoreline are =

_summanzed in table 18 and shown .on. plate 28.

_ Table18 -
" Shoreline Characteristics -
Island of Maui

(196”)
'.'Cldafatférislics . Statu(e Mlles i’ercent‘ -
ROCK (uvieieevioesion bt e il 69.4
© Gravel oo e et
L8N e L 212
Mud. (Sllt and Cla\) . ( 0.0
Artificial structure ... T 2%
TOMRL it .6 1000

o "‘lncludes l) mlles of seasonal sand beaches where the .
' predommam beach matenal is sand for on]y a part ‘of the v

year.

- Source: “Hawaii's Shorelme

ment ln 1965.

R

_ SHORELINE USE

- Shoreline use in 1962 15 shown on plate 29 and -
- summarized in. table 19 which shows that approxi-:
.+ ~mately 85 percent of the island’s shoreline was un-

developed. , However, this ‘situation. .is

- shoreline reaches, par ncularI\ sanidy beaches.

QHORELIN’ O\\\'ERSH]P A

prepared by the- State of <
Hawaii Department of Pldnmng and Economxc Develop-;x

" Table 20 and plate 30, the latest diita on shmelnu '

h 0\\nc‘1sh1p show- that more than*hall of the land
abuiting the island’s shoreline are in private owner-

ship. The land ownership patiein reflected in the-

“table 1s expected to remain relatively static.

Table 19
Shoreline Land Use
Island of Maui

(1962)
Total Shoreline Sandy Beach
o  %of % of
Land Use Miles: Total Miles Total
- Recreational—Public ........ 8.0 5.1 4.9. 15.1
Recreational—Private ..... . 00 0.0 00 0.0
-. Non-Recreational o : _
Development .................. 154 96 . 5.3 16.8
Undeveloped............ N 1354 853 22.2 68.1
Total ..o 158.8 100.0 _ 3_. 100.0.
" Source: . “Hawaii's Shoreline”. prepared hy the State of

Hawaii Department of Pldnnmg and Economic DC\elop-

.mem An 1967

E Table "0
Shoreluu Land Ownership
Island of Maui

(1962) .-
_Total Shoreline Sandy Beath
o o : % of - % of
. Owner Miles "Total Miles- Total -
- Federal ...l e 14, 09 0.0 0.0
Public (non- Federal) e BT 03820103 3.6
. anal(‘ . 96.7 60.9 gﬁ - 684
Tolal ....... 1388 100.0 326 1000 .
Source: Hawaus Shorelme prepared by the State of .-

- Hawaii Department of Planmnq and Fconomic De\elop-
’ mem m 1965. - .

PHYSICAL CHARACTERIST]CS AND HlSTORY‘
© . OF SHORELINE

Table 21 describes the- phvsxcal chaxaucnsucs own-

" ership, use, and condition of the principal sandy’
- = - beaches of Maui. The following discussion supple-
e changmg. o
- primarily because of ‘the rapld growth in. tourism
“sinee development of a major tourist destination area
So-at kaanapah in West Maui.. Cufrent emphasis on
| tourism is increasing the demand for undeveloped -

ments the data in the table providing general descrip- - ‘
tions of the physical characteristics of the island’s

" shoreline and general evaluations of shoreline condi-.
* -tions. For this discussion, the xsland was divided into

nme SC‘("UOHS

North-Central Shore (pla(c 3. I]u reac ch extend:

ing from Hakuhee Point to Maliko Bay is the most
highly developed shoreline of the island. Kahului Har-
bor, the island’s only commercial navigation harbor,

and the contiguous towns of Wailuku and Kahului

which comprise the business and population center of
th Asland, are’located along this coast.
The shorehne from Hakuhee Point to about a half
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« mile north of Waihee is an undeveloped, physically
~ inaccessible reach characterized by sea cliffs and: the
absence of an offshore reef. The shoreline extending:
south to Kahului Harbor consists of rugged terrain

~  behind hills of dissected alluvial fans and older dunes,
and lowlands of alluvium and shoreline deposits.
_Although low in elevation, the reach north of Waihee
has no sand beaches. The reach of consolidated and

beach at Waiehu is about a mile north of the mouth of

hinterland..

An increase in the demtal poruon of beach sedx-'
ment occurs along the reach fronung a swamp

N between Waiehu and Iao Stream.

Artificial structures comprising the Kahului Deep-

Draft Harbor line mostof the shoreliné within Kahului

west breakwater; a 2,760 foot-long east breakwater; a
600-foot-wide entrance channel between the break-
waters; a 2,400-foot-long, _
. foot-deep harbor basin: a revetted spoil disposal area
.behind the west breakwater; and:

“-sheds' and other port facilities. Two beaches at the
“head of the bay are separated by a revetment front-

o ing a
" of a mixture of sand and gravel.

unconsolidated alluvium south of Waihee is fronted by -
~a narrow beach of poorly sorted sand and gravel.
The 15,000-foot-long, 35-foot-wide, slightly arcuate

. Bay. The existing harbor consists of a 2,315-foot-long
2,050-foot-wide and 35- .
two concrete

wharves on concrete piles on which are built storage -

a-cluster of hotels. The beaches are composed

" Iao Swream. Sand along this beach is well sorted, -
~very coarse in grain size, and is ‘composed. of: equal .
““amounts of volcanic and calcareous material. Vege- .
v tated sand dunes lie between the beach and its marshy. -

basalt and sandy beaches. tlie larger of which are
at Baldwin Park and Lower Paia, The 2,000-fom-long,
75-foot-wide beach fronting Baldwin Park is primarily
composed of calcareous sand. The beach fronting the
town of Lower Paia is slightly arcuate and about
2,000 feet long and 80 feet wide. The sand is moder-
ately well sorted, and composed almost entirely of
fragments of calcareous origin.

North-Northeast Shore (plate 31). The shoreline

_extending from Maliko Bav to Keanae Point is an

inaccessible, irregular reach of sea cliffs broken by
a number of bays, some of which are partly drow ned

Tiver valleys. The sea cliffs risé: from less than 100

feet at the west end to 400 feet near Honomanu Bay.
Sandy beaches exist only at the head of Honomanu
and Nuaailua Bays at the east end of this reach.
However, some of the other bavs have shingle pocket
beaches.

‘A broad, two- mlle wide hcadland at Keanae Pomt

“formed by lava w hich flowed into the ocean from

- Haleakala. supports a small farming community. The

Waihee Reef, the most prominent offshore feature -

along the north central coast, extends from Waihee

Point to Kahului Harbor. It is about 1,000 feet w1de

- oft Waihee and narrows to about half thls width nedr:

Kahului. - -

Spreckelsville Beach a 13,000-foot- long reach east
to Kahului Harbor is broken into a-series.of short
beaches by points of lava,” boulders, and beachrock,
and’ by manmade groin. systems:which were con-
structed to retain sand along this reach. The beach

sand is poorly sorted, with-a bimodal distribution of .

calcareous . grains ‘ranging in size from. cobble-sized

_ reefs
“common.

..sea cliffs around this headland are about 5 w 10

feet high. Except for the relatively isolated com-
munity at Keanae and a Coast Guard réservation ‘at
the west end, this coast is undeveloped. There are no
along _this- Coast; lmwe\'er. sea stacks  are

- Northeast Shore (plate 31) t\upt for an airport
and rural communities at Wailuanui and. Flana Bavs,

the reach extending from Keanae Point to Hana Bay .
is undeveloped: The shoreline is characterized by sea .

cliffs, most' of which are between 20 and 30 fect
high, except near Kapukaula where they rise to 200
feet.
coves; however, except for the beach at Hana, they arev

~ only marginally accessible by land.

coralliné gravel to medium-sized sand grains. Large

sand dunes lie behind the beach which is about 50

feet wide but varies in width due to natural causes .

and because of sand mining operations at the west .
“end. Lines of beachrock -exposed "at the waterline -

. about 800 fcet offshore define the limits of a former
. shomlme and are ev ldence of commmd erosion over

“the’ vears. An .1lomzahoxe current to the west prevails .
except during southerly. storms \\hen lhe umenl l\'~

Jeversed,
- The reach e\tendmg from Papau\a Point to \Lllll\()
&1).15. characterized by “alternating. stretches of lava-

- struction funds have not been appropriated.

The 700:foot-long, 100-foot-wide - beach on  the
southern shore of Hana ‘Bay is-bound'by a lava point

‘at 'the northwest ¢nd and by highway fill to the

southeast. Sand along this slightly arcuate beach is .
well sorted and fine-grainéd. About threc-fourths of
the sand consists of .detrital grains of {resh and
weathered lava while about one-fourth is of calcareous

© origin. A seawall along the backshore provides pro-

tection for the beach park behind it. Offshore, the:
sand . continues at a. gentle slope to a reef area in .
the northern part of the bav.

-~ The shoreline. at the southeast boundarv of Hana
Beach has been altered by construction of a T-
shaped plex which extends seaward from the highway -
fill. The pier provides about 300 fcet of berthing space
for small cralt and commercial tugs and barges which .
call at this relatively isolined communiry, Plans for a

small boat harbor at the nor thwest end of the bay have

been pwp‘n_td‘b} the Corps of Engincers and dap-
proved for consuuction by Congress. However, con-

Pocket beaches exist at some of the bays and .

This .



Federal project consists of construction of a 1,230-
{oot-long rubblemound breakwater, the landward 250
_feetof which would be a revetted mole. This structure
would shelter a turning area and harbor basin of about
200,000 square feet. Terminal and berthing facilities
“for the harbor would be constructed by the State of
Hawaii. :

Southeast Shore (plate 32). The reach extending
southwest from Hana Bay to Mamalu Bay is un-
developed except for a few small rural communities.
Hamoa Beach at the head of Mokae Cove is one of
several pocket beaches at the east end of this reach.
The 1,000-foot-long, 100-foot-wide beach is bound by
30-foot-high cliffs at both ends. The sand is well
sorted, medium and fine in grain size, and composed
of calcareous fragments. It is 6 feet thick at mean
lower low water, and even thicker towards the back-
shore which is occupied by a private surf club.

Sea cliffs ranging -in height from 50 to a few
hundred feet dominate the reach west of Hamoa
Beach. Beaches are rare and are primarily shingles of
‘coral and basalt pebbles. The existence of sea
stacks and sea caves atiest to the occurrence of
erosion along this coast. Although isolated coral heads
are abundant, there are no exposed fringing coral

reefs (plate 33).

South-Southeast Shore (plate 32). An extremely
irregular shoreline composed of relatively young lava
basalt extends along the undeveloped and marginally
accessible reach between Apole Point and La Perouse
Bay. Sandy beaches exist only at Nuu and Huakini
Bays at the east end of this reach, and at the north-
west end of La Perouse Bay.

South Shore (plate 32). Except for the urban
development of south Kihei, the reach from La
Perouse Bay to Kalama Park has been essentially
undeveloped. The shoreline from Makena to Keawa-
kapu is now scheduled for extensive resart- develop-
ment. The southern third of this reach is characterized
by low cliffs of voung lava basalt and 1s only
marginally accessible by land. The northern two-thirds
consists of a series of crescentic beaches between low,
sea-cliff liva points. The largest of these beaches
lies south of the Puu Olai cinder cone, and is 3,300
feet long and 100 feet wide. It is predominantly com-
posed of a poorly sorted mixture of almost all sand
sizes of calcareous material, and includes some fine
gravel sizes as well. Dunes covered with kiawe trees
form the backshore. The foreshore is steep, a result
of large waves which frequently strike ‘the beach.

Makena Beach. another of the series of crescentic
beaches along this coast, is 1,000 feet long and
bound by lava ‘points at each end. . The sand is
calcareous, well sorted, and coarse in grain size. Ex-
tensive dunes covered with kiawe trees occupy the
backshore. The offshore area 'is rocky, with a thin

_veneer of sand overlving it. Sand is also found in
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scattered pockets. ]
The slightly arcuate beach at Keawakapu is more
than 2,000 feet long and is bound by lava oucrops

‘at both ends. The sand is fine-grained, well sorted,

and almost entirely’ calcareous. It tends to move
onshore and offshore during the year. Some sand is
also blown inland and lost. During the winter of
1962-63, the beach was severely eroded by repeated
storms from the south, which resulted in considerable
damage to private beach homes on the low sandy
terrace behind the beach. Thick sand lies off the
middle section of the beach. A coral reef lies off
the north end, and lava predominates off the south
end. .

Kalama Beach Park lies at the south end of a
narrow, almost continuous beach which extends to the
north of Kihei. The beach fronting the public park
is 4,000 feet long, 30 feet wide, and is composed of
very poorly sorted sand and gravel sediment primarily
of calcareous origin, with only a smalil percentage of
volcanic fragments. Although scasonal aceretion and
erosion occur at this beach, the net cffect has been
erosion. Surveys made of this beach in 1912 and 1961
showed that the shoreline receded 300 feet during
this 49-vear period, and has impaired the recreational
usefulness of the beach park. In additon, the erosion
threatened the highway.embankment at the south end
of the park and necessitated construction of a revet-
ment of 500-pound stone topped with larger-sized
concrete block components. The severity of the ero-
sion problem warranted Federal participation in a

beach erosion control project which is currently under-

construction. The project provides for construction
of a 25-foot-wide berm along the length of the park,
and a 3,000-foot-long revetment seaward of the berm.
The sloped revetment would protect the berm from
erosion, and should encourage accretion. of sand on

the seaward side. - A .
South-Central Shore (plate 32). This reach extends

‘from the north end of Kidlama Park to Olowalu Whanrt.

Except for a small boai harbor and restdential and
condominium developments along the shores of Maa-
laea Bay, and a few scattered residences at Olowalu,
much of the shoreline fronting this reach 1s un-
developed.

A number of locations along the Kibei shores at

the southeast end of Maalaea Bay have a history of
erosion while other areas within this reach have
accreted. In the Keokea homesteads area north  of
Kalama Park, residents have constructed seawalls to
protect their properties from erosion. These structures
have been relatively effective against local erosion,
although a 75-foot-long wall was § feet seaward of
the high water line in” 1967. Surveys made of the
south Keokea area in 1912 and 1964 showed that an

average annual erosion rate of 148 cubic vards per

foot of shore occurved during this 52-vear penod. In



the nbr[h Keokea area, the annual rate of erosion was ~

0.07 cubic yard per foot of shore.
‘Substantial accretion has occurred along a 1.5-mile
_reach of shoreline between Keokea and Kalepolepo.
Comparison of surveys made in 1912 and 1961  shows
that up to 200 feet of: accreuon had occurred in
places within this reach.
Artificial stiuctures, primarily the seawalls of two
‘ old Hawaiian fishponds, line the short reach of shore-

“line. fronting Kalepolepo. The southernmost pond. -
. covers 38 acres and consists of a semicircular rubble -
wall which extends 1,100 feet seaward with a land

_-:frontage of 1,700 feet. The pond has not been used
< for years and the wall has almost completely deterior-
- ated, although.some rocks are visible above water at
low tide. The area within the smaller pond to the
‘north had become dryland some time before 1900.

3 However, around 1910 the old fishpond wall was.
. breached and about half of the fill washed out to

~sea. The pond is about 800 feet wide and the outer
wall is now about 250 feet from shore. The shore-

" line at the north end of this pond experienced severe
erosion between 1900 and 1964. Survevs showed an
average annual erosion rate of 2.5 cubic yards per
foot of shore during this 64-vear period.

- The shoreline from Kalepolepo to Kihei Memorial »

- Park has also experienced critical erosion. Surveys
show an average annual erosion rate of 1.92 cubic
vyards per foot of shore for the reach between Kalepo-
lepo and the public park, and 1.01 cubic yards per
foot for the heach fronting the park. In 1963 the
County of Maui-constructed a wooden wall in front of
the park pavilion 1o protect it from heing undermined
by erosion. In 1961, the County also constructed a

“200-foot-long revetment to protect the highway at the

south end of the park. One-ton rock was placed to a
crest height of about 8 feet above mean. lower low
“water with a sea“ard slope of about.-1 on 1.5

The northern boundary of the Kihei shores is defined

by the remains of the old Kihei wharf. This wharf-

~ was originally 200 feet long, -and provided fair-
weather accommodations for .small craft, pdmcu-
larly fishing vessels. It was abandoned -
~ following construction of the Maalaea Boat Harbor
at the southwest end of the
the wharf has since been destroved by storms, and
- only abouta 130-foot-long rubblemound stub remains.
The shoreline extending along the head of Maalaea
Bay. between the old Kihei Wharf and -the Maalaea
Boat “Harbor,
.. width of 75 feet. Outcrops of beachrock occur along
'-the beach’ which. is composed of a mixwre of cal-
careous “fragments ‘and detritus. - Low sand. dunes
separate the beach from Kealia Pond, a salt water
marsh at the northeast end of ‘the bay.
marsh is being used as a commercial shrimp farm.
“In 1932,

in 1952

bay. The outer portion of

is a barrier beach with an average

‘Part of. the

the shoreline at the northwest end of

Maalaea Bay was altered .by construction of a re-
creational boat harbor by the Swute of Hawaii. Several
modifications have been made since that time such
that the harbor presently conisists of a 100-foot-wide,
12-foot-deep - entrance  channel;” a 7.5-acre, 12-foot-
deep harbor : basin; a 1,000-foot-long combination .

- breakwater and mole structure; an 840-foot-long
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‘breakwater;

-of between 7,000 and 8,000 feel.

patches of sand.

-hoats,

a 308-foot-long, 50-loot-wide paved
wharf; berthmg facilities for 43 boals and a launchmq

.ramp,

The shorelme from the small boal harbor to about
2 miles west of Papalaua Point is characterized by sea
cliffs in contrast to the low coast on both sides. The
sea cliffs between the boat harbor and Papalaua
Point are relatively low, and contain a few tiny pocket
beaches. The cliffs west of Papalaua Point are gen-
erally hlgher and are bordered at the base by a ter-
race about five feet above sea level. Sea stacks dot
the offshore areas of this reach. Deep water occurs
close to land, particularly around Papalaua Point.
but becomes shallower at both ends of the  reach.

The low coast (’\l(’n(lmg to ()’()\\d'l] Whart consists

. of allemaung stretches of ndlr(m sdnd\ heaches dlld

lava outcrops.

Northwest Shore (plate 32) This rcach between
Olo“ aluand Napili is one of the most rapidly growing
areas on the island. Developments along the shore-
line includé the urban area of Lahaina, once the
capital of Hawaii and now a popular tourist attraction,
and the resort area at Kaanapali, Often referved to as
the Lahaina-Kaanapali area, this rapidly developing
reach is the principal warist destination center. ()f
the island. o

The shoreline buw((n ()lmmlu and Lllmnn has
five sandy beaches between “stretches of lava out-
crops. The beaches are narrow, and have a total length
. Makila Beach 1is
typical of the beaches within this reach. During the
year, the 35-foot-width of ‘this beach hardly changes.
However, the ratio of sand to gravel and boulders-
changes markedly. The . sediment is an exwemely
poorly sorted mixture of both volcanic and calcareous
qr’uns of all sizes. A coral reef extends offshore, and
is covered with gravel and b()uklers. bul very. fow:

The reach from Llhama to ‘Vlala Whart 1s char-
acterized by alternating: reaches of sandy beaches
and artificial structures, including scawalls, a small
boat harbor, and an abandoned wharf. The Lahaina
Boat Harbor is an 80,000-square-foot harbor fronting
the center section of the town (figure 28). It is
protected by a 1.000-foot-long breakwater which 1s
seated on the fringing coral reef. The harbor which
has a launching ramp :and capacity for 80. small.
is inadequate for the growing recreational
boat population of the :irea,_zmd plans are underway
for construction of a néw harbor by the Corps. of



Engineers in response 10 a request {rom the State of
Hawail. Thenew harbor would be located about 2,000
leet northwest of the existing harbor. '

The reach extending from the badly deteriorated
and abandoned Mala Wharf 10 Hanakaoo Point con-
sists of alternaning stretches of beachrock and sandy
beaches, The 12,000-foot-long, 50-foot-wide beach at
Hanakaoo Point s the most significant of the beaches
within this reach. The beach is generally subject 0
scasonal accretion and erosion. However, during the
past few years, critical erosion has occurred along the
northern half of the- beach,. and has undermined a
‘wooden triangulation tripod at the point. -

"~ The 8,000-foot-long, 100-foot-wide beach at Kaana-
pali is immediately north of Hanakaoo Beach. Kekaa
Point, a littoral cinder cone now covered with resort
buildings, lies at the south end of this beach which is
subject 1o seasonal accretion and erosion (figure 29).
Beach sand is well sorted. medium-sized grains of
predominantly calcareous fragments. Rock ridges and
sand pockets alternate offshore. A well-developed
berm and a moderately steep foreshore which e

Fig. 28 Aerial view of Lahaina Boat Harbor, Maui  *
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chavacteristic of the profile tor his beach, we
evidence of the seasomal ocenrrence of Toge swells

North Shore (plate 31). The reach of sea ohiffs
between Napili and Huakuhee Point is one of the
most scenic on Maui. Except for two Coast Guard
reservations.  resort hotels along Naptli Bay, and
smadl urban developments at- the cast and west ends,
the shorehne along this coast is undeveloped.
" The western third of this coast consists of sea
cliffs 20 to 30 feet high with several rocky points.
A few small sandy beaches exist in pockets between
these points. One such beach is the 1,000-foot-long,
100-foot-wide beach at the head of Napili Bay. Bound
by rocky cliffs at both. ends, this slightly arcuate
beach is composed of well sorted, medium-sized grains
of calcareous sand. It is subject to some crosion,
particularly during the winter. A coral reel with
large sand pockets lies offshore.

The 700-foot-long, 90-[oot-wide Flemings Beach s
another of the pocket beaches along the western end
of the north shore (figure 80): The |)L';}L‘l| ferminates




5 L : : - :
against rocky points of lava-at both ends, and is
composed of well sor[ed,, coarse, predominantly
_calcareous sediment. ’

Honokahua Beach is a 1500 foot-long, 160- foot-
wide straight beach between points’ of lava. It is
composed of well sorted, medium-sized grains of
‘calcareous sand. Ironwood trees grow on the large
‘dunes along the backshore A thick la)er of sand
- lies offshere.

The middle third of the north shore consists of sea’ -

cliffs 50 to 300 feet high. Small sand. beaches occur

at’ Keonehelele and- Honokohau Bays. Boulder and -

cobble héaches can be found at the heads of some of . o

the bays, pamcu]arlv near stream mouths.

Sea cliffs along the eastern third of the north shore
range up to 600 fcet in height. Some of the cliffs
have near-vertical faces 200 to 300 feet high.

79

SUMMARY :

Approximately 5.7 of the lmH miles of shoreline
around the island of Maui havelbeen critically croded;
about 14:8 miles have a historv of erosion but the
problem is not critical at this time; and the 1emaining
138.3 miles have a history of stability or accretion.

Fig. 29 Aéi_ial View of Kaanapali Coast, Maui (Camera Hawai Photo) - - ) !
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~-.subsequent coalescence -of five volcanoes,

GENERAL _
The island of Hawaii, known as the “Big Island”.
is larger than all of the other islands combined. Its

land area of 4,030 square miles compuses 62 percent

of the land area of the state. The island is. of volcanic

origin, and was formed by the gradual emergence.and "

t\\o
which, Mauna Loa dnd Kilauea, are still active.

of o

¥ he tidal shoreline is 306 miles long,.and is 50 per- o

. cent greater than that. of - Maui,
~island. Ahout 90 percent of this coastline is rock, 80

- pereent of which is inally or w / inaccessible
i t of which is mar lly or wholly in sible ™

by land. Sandy beaches are relatively rare, and are
“only shghdy more than that on Lanai. The characteris-

the next largest <

tics of the island’s shoreline are summ.nucd m table .

: 22 dnd shm\n on plate-34.

- Table 22.
Shoreline Characteristics
Island of Hawaii!

(1962
* . Characteristics Miles Percent
ROCK v 2747 89.9
v Gravel 31 16
Sand. ... 27.8% C12
Mud (Silt and Clay 0.0 0.0
Araficial swractures .. _ 39 - 1.3
Towl 305.5 100.0

'Otfshore islunds excluded. ]
*Includes 2.4 miles of scasonal sund
predominant beach material 15 sand for only o partof the
year. L B -
~ Source: “Hawaii's Shorcline™ prepared by the State of Hat

© waii Department ‘of Plannmg md Feonomic 1)(\(]();”11( ni
n l()b’)

SHORELINE USE

Like all of the other islands except Qahu, the shore-

beaches where the

s not expected to change drasucally,

ISLAND OF HAWAI

the land ownership pauern” reflected in the table
it 1s expected
state

to be more dynamic than other dslands of the

because of the ¢ wrrent unplmsls on tourtsm and resort

(l(*\( lnpmf'nl

Table 23
© Shareline Land Use
Ishand of Hawai!
(1962)

Total Shorehine  Sandy Beach

s "ol %of

Land Use Miles . Towl Miles Towl

Recrcation: ll—l'uhlu ........ O 18 0.6 R

Recrcational —Prvate. . . 0.0 0o 00 0.0

“Non:Recreationat T :

Development . I 1.9 5.7
Undeveloped 0 2N 175 qoe

................................ RILEW 1000 N 164).0)

‘I otal

TOfIshore tshands excbinded.
Faivait’s Shoreline”
will Departmuient ol Pliming
i 1065,

Sonree: L prepaed bothe Sene of H-

and Foonomai l)l‘\r‘l'l|llll(’ll|

TFable 21
Shoreline Land Ownership
Isband of Hawaii
(1962)

- Sandy Beach

- Total Shoreline

. S %ol "ol -
Owner CMiles Towal Miles  Total
*Federad P PPN 315 10.53 0.0 0.0
Public (mon-Fedoral)y Lo 3360 TN KLY
Private oo K1 1.6 8
Votal o PO 1000

line ol the island of Hawaii is primanly open, unde- ™

veloped land (plate 33). Table 23 shows thiat non-
recreational development” comprises the second - Lu-
gest use of the shoreline. Except for Hilo and Kailua-
Kona, urban development along the coastal zone
consists of scattered plantation towns and villages.

QHORELI\ E ()\\ \ERSH!P

TFable 24 and plate 36. the latest data on shoteline

T ow l'ltlshlp. show that private landholders conmrol the
fargest percentage of Hawait's shorehine. Although

CNouree:

10010

TOfshore 1shimds exctuded,
prepared by the Ste of T
dnd Beonomie Developanent”

“Hawuii’s Shoveline”
winti Depantment o Plhinnimy,
in 196H.

PHYSIC AL, CHARACTE Rl‘\ll(\ AND llle()R\
OF SHORFLINYE
“Table 2!

cuship,

B desorrhes the 1>|n~|( .ll charcrerisiios. own-
and condition of the principal sandy
breaches of Hawadi Phe following discussion supple-
ments the daga nthe wble by providing general des-
criptions of the physical eharacteristies of the shore-
hne of Flawai, and qualianve assessmenis of shove-

‘t\.('.



Characteristics of Principal Ih.nhn on the Isl.md of Huwaii

Stability Classification
Length in 1,000 Feel

Critical Non-Critical Length Widih
Name Erosion  Erosion  Non-Eroding  Feet Feet  Nawral
East Shore
Hilo Bay oo 1 400 35 X
Southeastern Shore
Kaimu Black Sandy woeepiron o 0 | Lo 75 X
Kalapana (Harny K .

Brown Park) . 1 900 100 X
Punaluu Beach I 90 30 X
Southwest Shore - - .

. Hnokena Beach Park ... H 600 100 X
Kealukekoa .. | . 600 60 X
Northwest Shore
Dig.;p}war.ing Sands Bewch L — 300 50 Y
North Kona Beaches ¥ 7 13,000 100 X
Hapuna ... 2 2200 160 X
Mauna Kea - 300 100 X
Spencer Beach Park . — 100 - 160 X
Northeast Shore : o
Pololu Vatiey 1 : 1200 12 X
Waipio Valley Bl 4,000 . 200 X

17.500 F1. Public, 7.300 Fi. Private

21,200 Fr. Public, 10O Fi. Privane,

line conditons. For this dls(msmn

the stand was
dmded Into 3 sections, : :

East Shore (plate 37). This reach extends south
from Waipio Valley to Cape Kumukahi. The northern
halt of this reach is primarily in agriculture, and the
southern half is basically undeveloped. Hilo, the prin-
cipal ciy of the island is ]ocaled along the center sec-
tion ol this reach.

The shoreline between \\'aipio.\'alley and Hilo Bay
consists of sea cliffs which are from 100 to 200 feet

Type vf Beach

Anificial

high. A few smull boulder beaches exist in small coves, .

and a terrace about five feet above mean sea le\ el 1s
present along much of the coast.

Hilo Bay is a large bight in the center of this reach.’
The south and east shores of the bav are relatively flat .

and at low elevations, while the west shore is a rock
bluff. The enuance to the bay. lies between the blulf
and a coral reef known as Blonde Reef, and is about
one mile wide. The reel extends northwesterly from
the southeast side of the bay and provides partial
protection to the inner bay, creating a nawral deep-
water harbor. This site was developed into a commer-
cial navigation harbor in 1930. Modifications since
that time have 1hade Hilo Harbor the- second largest
seaport i the siate. The existing harbor consists of o
10,080-footr-long rubblemound breakwater. a 353-foot-
deep entance channel, and a 1,400-foot-wide, 2,300-
foot-long, and 33-fooi-deep harbor basin. Terminal
facilities include two piers. sheds. and pipelines for
petroleum products. liquid fertilizer, and molasses, all
of which are owned by the State of Hawait.

The Waiakea Peninsula west of Hilo Harbor <epa-
rates the harbor from the Wailoa Sampan Basin near

“around 1901,
tion of a wider highway fill along the railroad right-

Shore Ownership Share Use in 1 inear Feet

Predori _
Beach - Public Recreasional Non-
Composition Federal Non-Federal Private  Public  Private  Recreatonal  Undeveloped
- Violeanio X e
Volcanic X 1,000
Voleanic X RUCTN
Volcanic X [L11]
Voleanic x ot
Caleareaus X o -
Calcareous X RO
Calcareous hy Xt 15,000
Caleareos X N 1.01ky 1.000)
Calcareous N . 300
Calcareous X Hiny
Voloanic X . 1,200
Volcanic X 1,000

the mouth of the Watloa River. This basin provides
Ute only accommodaiions for commercial lishing ves-
scls operating along the cast coast of the island.

A small beach averaging only abour 100 feet long
and 35 feet wide [ronts Mooheau Park along the cen-
ter section of the shoreline of Hilo Bay. The beach
is hound by highway fill at its eustern and western
ends, and is composed almost entrely ol volcanic
rock fragments of sand size, with very lew calcareous
components. The sand exhibits moderately good sort-
ing at about a mediwn-grain size. The present beach
1s the remiiant of what was a much wider beach during
the previous century. Much of the former beach was
lost during construction of -a railroad  embankment
Following the 1946 tsunami, construc-

of-way further decreased the width of the beach.
The oftshore arca is primarily lava rock with a thin
veneer of mud and silt. Large blocks of conorete
rubble which tie offshore were deposited by the 1960
tsunami. '

The shoreline between Hilo Bay and Cape Kumu-
kahi is very brregulin primarily because much of it
consists of recent lava flows which have been hule
altered by wave action. However. the very low sea
clilfs at Leleiwi Point are evidence of some coastal
erosion along this reach which ¢ontains only three
short reaches ol sundy beach.

Shoreline pmhl(m.s along the northieast coast have

resulted primarily from the devastating action of

88

than from long-term crosion pro-
The tsunamis of April 1946 and May 1960
were particularly disistrous. The Apnl 1946 tsunami
cunsed approximately 828 million dotlars damage o
Hilo and the immediate viciite, and the foss of 96

tsunamis rather
CUSSUS,



lives, (figures 31 and 32). The May 1960 -tsunami
reduced the Hilo bayfront area to rubble, and caused
approximately $24 milhon dollars of damage to the
Hilo area and the loss of 61 lives. .

Southeast Shore (plate 37). Except for a few scat-
tered rural communities, the shoreline between Cape
Kunmukahi and South Point is undeveloped. Most of
the undeveloped reaches are marginally or totally
inaccessible by land. ‘ '

The shoreline between Cape Kumukahi and Kala-
pana consists of low sea cliffs and the constructional
surface of recent lava flows. It is irregular from
clinker masses, collapsed lava tubes, and other
structures of ‘lava flows. The rough outline of this
" coast 1s being gradually smoothed out by wave action,

“and would eventually be transformed to low sea
cliffs. : ‘ D

‘ Fl-gl.ﬂ32 ‘Destruction along a seclion of Hilo Bay resulting from
the tsuunami of April 1. 1946 - . o

Fig. 31 Effects of the tsunami of April 1. 1946 on the waterfront business area of Hilo, Hawai

89



The slightly arcuate, 1,000-foot-long, and 75-loot-
wide black sand beach at kaimu. (figure 33) is the
most publicized of all the small black sand beaches
which have been created by the explosion and chil-
ling of lava flows-entering the ocean. The sand at
this beach is composed almost entirely of volcanic
glass and lava [ragments which give the sand its
famed black color. The sand is moderately well
sorted and very coarse in size, and includes some
gravel-sized components. Critical erosion has reduced
the beach to a 300-foot-long, 30-to 40-foot-wide
strip at the southwestern end. Lava rock and boulders
are exposed at the southwestern end (figure 34) and
coconut trees lining the backshore are being under-
minded (figure 35). Since 1900, the beach has croded
an average of about 275 feet along its entire length.
The average annual rate of erosion is estimated to be

"4 feet per year. The severity of the erosion problem
led 0o a request from the County of Hawail for
Federal assistance in an erosion control project for
this beach. Engineering plans to control the erosion
problem are currently being completed by the Corps
of Engineers.

The 900-foot-long, 100-foot-wide black sand beach
fronting a public park at Kalapana 1s similar in
composition to that at Kaimu Beach. Much of this
beach has been reduced. to cobbles, a result of ero-
sion and sand blown inland into dunes.

The reach extending from Kalapana to South Point
is primarily sea cliffs formed by erosion of recent lava
flows. This reach contains only three sandy beaches,
two of which front on undeveloped, marginally
accessible land near South Point. The third beach
fronts the village of Punaluu, and is 900 feet long
and 70 feet wide. This slightly arcuate pocket beach

is composed almost entirely of black volcanic glass
which ranges in grain size from medium ;to very
coarse., g :

Southwest Shore (plate 38). The coast from' South
Point to Keawekaheka Point north of Kealakekua
Bay is inaccessible by land except for a few very
rough jeep trails. A few small pocket beaches lie
along the 8-mile reach between Kauna Point and
Okoe Bay. The shoreline north of Okoe Bay is irregu-
lar and consists of sea cliffs and faults. The cliffs are -
high where the faults are both close to and parallel to
the shoreline. Pali Kaholo between Hookena and
Milolii follows a fault and is relatively high, about
500 feet at its maximum but less than 250 feet along

‘most of its length. However, the coast north of

Hookena and south of Milolii is flatter because of the
absence of faults. Milolii Village is noteworthy as a
Hawaiian village which is relatively isolated from
other communities, and is therefore one of the few
communities with a nearly self-sufficient economy.

Several littoral cones, formed by black basalt glass
from the explosion and chilling of lava flows entering
the ocean, are present along the shoreline. A few
small black sand beaches adjacent to the cones were
formed by erosion of the cones.

The 600-foot-long, 100-foot-wide arcuate pocket
beach at Hookena is one of the few sandy beaches
within this reach. The beach is bound at each end
by basaltic rock and along the backshore by 'a 100-
foot-high fault escapment of lava basalt (figure 36).
Nearly equal proportions of volcanic and calcareous
grains form the medium-sized, moderately sorted
sand which extends inland beneath a coconut grove
to the talus at the base of the fault escarpmeérit. The
sand extends about 100 feet from shore.

Fig. 33 Aerial view of Kaimu Beach on the island of Mawaii

90

Fig. 34 Exposed lava rock and boulders at Kaimu Beach
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AG00-loot-long. - G0-fout-wide
southern end ol Kealakekga Bay.
sorted, coarse in grain size, and consists of 4 mixture
of grains which wre slighdy more calcareous . than
volcanic. At sea level, patches of sand alternate
with lava and with boulders and cobbles composed of

~lava and coral. Similar rocks lie awash as far as 300
feet from shore, after which a coral reel gently slopes
10 a depth of 10 feet at a distance of 800 feet from
the beach. Bevond this pomt the reef dr’ops off
guite rapidly.

beach lies ae the

A sandy pocket beach once existed at \‘apoopoo,

.along the center section of the Kealakekua:Bay shore-
" line. However, this beach has been lost to eresion.
. Northwest Shore (plate 38). Much of the reach
between Kealakekua Bay and Upolu Pomt is un-
developed. However, the rapidly (’\]mndmg resort
developments along this “Gold Coast”

are expected to alter the situation. Although much of

The samd is poorly’

(figure 37) .

the highly iegular shoreline consist of dow e clilfs,
this coast nore than wny othe
coust of the asland. The beaches wre nsually pocket
beaches i shight bays formed between kava |n‘uj<-('-
tions, and have high calcarcous content.

A 300-foot-long. 50-foot-wide heach south of Kaitua
Bay is popularly known as Disappearing or Magic
Sands Beach because of ity marked change between
the winter and sumimer months, During the winier

lias sandy beaches

©erosion completely denudes the beach, exposinig lava
“and boulders ar the shoreline (figure 38). However,, ™
“oduring the summer, a

Qfaot-thick Taver ol sand
covers the rock at the foreshore (figure 39). The sand:
is a well-sorted, mediom-giained mixture. of pre-
dominantly calcareous hmestone with a small. per-
centage of volainic detrius. A coconut grove occupies
the buckshore which usually re@ins its sand through-
out the vear. A large sand pocket Iving offshore con-
tains up to six feet of sand during the suminer months.

Fig. 35 Undermined coconut tree at Kaimu Beach




Fig. 36 Ho'okena Beach, Hawaii

This pocket is lnhme(l to serve as q xeposnm\ for

the eroded winter sand.

The shorchine along .uhm Blu lms been altered by
 construction -of a commmercial harbor at the north
2end of the bav. The harbor consists of an approxi-
mately 300-foot-square wurning basin, a barge pier
which extends about 530 Ieet into the bhay,
launching ranmmp,

Between Kailui Bay and Honokohau, the shoreline
consists of low sea clilfs at the terminus of recent
tava flows. The coastline at Honokohau about 4
nautical miles north of Kailua Bay has been altered
by construction of a small boat harbor. The Federal
portion of .the harbor, completed in March 1970,

and a

consists’ of a 14.5-acre landlocked har bor basin made

accessible o the sea by a 963-foot-long, 120-and
160-foat-wide entrance channel. Construction. of the
pier and shoreside facilities. 10" accommodate the
~design capacity of 150 boats will be accomplished hy
the Stare of Hawaii.

The shoreline between Honokohau and Kawaihae
was undeveloped and physically  inaccessible .until
about 1964. This stretch of about 30 miles contains
about 16 pocket beaches which anes in size from
about 300 {cet in length to the 2.200-foot-long, 160-
foot-wide beach at Hapuna Bay (figure 40). Hence.
this sector contains most of the relatively rare rec-
reational  beaches on the “island  of Hawai, A\
“Kaupulehu is the Kona Village Resort, a hotel which
has a private airstrip and an all-weather paved road
over rough luva fows 1o the highway., Three miles
northeast ol this hotel is Kiholo Bav which has o

small pocket beach. Between Kiholo Bay and Hapuna

92

- Beach Park are two of the smaller pocker beaches i
Anuchoomalu and Lahuipuaa.

]

The Boise Cascade Corporation is currently devel-
oping the area in the vidinite of Hapona Beach and
has completed a4 new aceess road into the wea, Bet-
ween Hapuna Beach and Spencer Pk, the elabo-
raie Maunakea Beach Hotel has been built with a
small but beautiful coral beach about 300 feet long.

The 400-foot-long, 160-foot-wide beach at Spencer
Park at the south end of Kawaihae Buay is the last
of the sandy beaches along the northwest shore. This
pocket beach is bound by lava points at each end.
The sand is predominantly well sorted, medium-sized
grains of calcareous limestone. It is about 3.5 feet
thick at mean lower low water. Offshore, the sand
is about 2 feet thick for a distance of 300 feet .
where a shallow reef covered with algae and marked
by numerous sand pockets is exposed.

Construction of Kawaihae Harbor in 1959 sub-
stantially altered thé natural shoreline along the

" north end of Kawaihae Bay. The harbor was created

by dredging part of an extensive coral reel which
extends about 4,000 feet seaward and more than a
mile south along the shoreline. The second largest

- harbor on the island, Kawaihae Harbor is primarily

a commercial navigation [acility. However, the State
of Hawaii has constructed two recrcational  boat
harbors, one at each end of the shoreside lucilities for
the commercial navigation harbor. The existing Ka-
waihac Harbor consists of a 400-10 520-foot wide,
2,900-foot-long, 40-foot-deep entrance channel, a
1,250-foot-square, 35-foot-deep harbor busin, and a
2,650-foot-long protective rubblemound breakwater.

In response to a request from ‘the State of Hawaili,
the Corps of Engineers is developing plans for con-
struction of a recreational boat harbor immediately
south of the existing revetted fill area for the com-
mercial navigation-harbor. As part of a research and
development program, the Corps has completed con-
struction of the entrance channel and turning basin
for the harbor, using an explosive cratering tech-
nique. ‘An 850-foot. breakwater has been construcied
to protect the turning basin, and a launching ramp is
currently being constructed.

The remaining reach from Kawathae to Upolu
Point is a marginally accessible shoreline of moder-
ately high sea chiffs.

Northeast Shore (pialc 38). The northeast shore
from Upolu Point to Waipio Valley is characterized
by sea cliffs ranging from 100 to 1,400 [eet in height.
Developments along this shore are primarily rural
communites which are economically ued to the sugar
planations which line this coast.

The sea cliffs between Upolu Point and Pololu Val-
lev are of moderate height, while those between
Pololu and Waipio Vallevs rise to about 1,400 feet.

“The sea cliffs southeast of Waipio Valley are much



TN

“ments (figure 41).

sized grains of voleanic denitus,

Fig. 37 Resort developments along the Kona Coast; Hawaii

lower, rising to only 200 feet. Deep valleys such as

Pololu and Waipio Vallevs exist between the steeper. -

These vallevs have sand. beaches at their
dunes blown inland which are as

sea cliffs.
mouths, with sand
high as 50 feet. .

The 1,200-foot-long.” 125-foot-wide fairly straight
beach at the mouth of Pololu Yallev is composed of
well-sorted. medium-sized detrital grains of lava frag-
The sand 1s more thin 3 feet deep
at sea levell A shallow, sandy bottom extends at
least 230 feet offshore where the bulmm drops oft at
a faarly steep slopee.

The beach at the mouth of W .npm v .l”t\ is .ll)()lll :

L000 feer Tong and 200 Teet wide, (h;uu‘ 1". Sand
dunes lie behind his <lightly aveuate beach which s
predommantly vomposed of  well-sorted medinm-
with only a small

93

criticgdhv

pereentage of calcarcous components. ‘The sand shifts
to the southeast end of the beach during late fall and
to-the northwest end during carly spring. Thus, a
boulder beach exists at the southeast end duving the
spring, summer, and catly falll-dind at the northwest
end during the winter. Nearshore currents are to the,
northwest during spring, and to the 5()lllht‘ ist during
late full. '

SUMMARY

Approximuately 2.1 aniles ‘of thee 3055 miles of
shoreline round “the sland of Hawail have been
croded: about 3.2 miles have a lastory of
crosion but thie problan is ot erincal at this time;
and the remaining $00.2 miles have o history of
stabitiny or aearetion. g



ig. 38 Disappearing Sands Beach. Hawaii, during the winter (West Hawaii Today Photo)
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' SUITABLE REMED]AL MEASURES
‘As defined-earlier in, this report; areas undergoing

- erosion, when considered in conjuncuon ‘with present .
“and pl"OjC(lCd (15 »ears) ‘economic; ‘industrial, rec-
© reational,
. ecological and other relevant factors, indicates that
action to halt erosion”may be justified. Table 26 S
- shows the 54 areas with a total shoreline length of
more than 31 miles -which are considered to be -

erosion are considered to be crmcal if the rate of

agricultural, navxgauonal demographic,

critically eroding. Some. ‘of these areas requxre im-

" mediate remedial action in the form of structural

AN

improvements. The type of structural measure con-
sidered suitable to the particular problem area is.
included in the table. However, it is only a suggested

proble'm projected. shoreline use, and. current en-
gineering technology and experience in shore - pro-
tection works, Additional detailed m\estlgauon of
the problem and its: 1mpact on the entvironment, and

-evaluation of the engineering and économic feasibility

of alternative solutions are requxred before any solu-
tion can be 1mplememed

In addmon to the areas requmng 1mmed1ate reme-

~dial action, table 26 includes areas where remedial-
.action would be requrred ‘within 5 to 15 years. The

type of improvement ' required -would depend on
whether effective coastal- zone management is im-

plemented to minimize the adverse effect of erosion

on shoreline developments. Implementation of such

" ‘measures today would reduce the éxtent and. cost of
_structural improvements which would-be Tequired at

a later date. Because it is difficult to predlct the type

of improvement which” would be reqmred several . -
suttable types of remedral measures are suggested for .

these areas.

The estimated cost of [he remedlal work suggested_
in the table is based on 1971 price levels in Hawan, ,

and tolals about 83" |ml]10n for the 54 areas

In order 10° prEser\e the natural beaulv of lhe
shoreline, protective: works should be aesthetically

pleasing. This can be accomphshed in part by a low- -

profile-concept for groins and breakwaters whereby
these. structures would visibly extend only- a foot or

* s0 above the sand and water as depicted in plate 39. In-

some areas- landscaped groins and islands should be

shown in the shoreline photograph of the l\ahala Hll

‘ “ton Holel on O'thu (ﬁgure 10).

. considered. An example of this type of treatment is . -
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. FEDERAL PROGRAMS

Under the direction of the Corrgress of the U nited

‘States, the Corps of Engineers has constructed shore

protection and' navxgauon projects for -many .years.

“The ‘Corps’ first. project in Hawaii .was" the 1909
" authorization to modify Honolulu Harbor.. Cunem]y
" the Corps of Engineers office. in Hawaii is undertaking
“the projects and studies lisied in -tables 27 and 28, .
_respectively. 'All of the projects and studies were

either dlrectly or indirectly authorized by the Congress

" -and are the resuli of a request for Federal assistance

from State of Hawaii or county governmem agencies.

In -addition to the studies currently in progress,

table 28 lists the navigation and beach erosion studies

_ " which the Congress has. directed the Corps of Engi-
" method and-is based on' present knowledge.of the:

neers 1o conduct with the objective of determmmg'
\\helher Federal assistance can be provided in devel-

- oping a solution to the problem under investigation.

SHORE PROTECTION TECHNOLOGY

~The. U:S.- Army. Coastal Engineering Research
Center {formerly the Beach Erosion Board) has been
stadying shore erosion and proteulon pxoblems singe
1930. The Center is deeply invelved in investigations
of shore processes, storm frequencies, and storm-tide

: elevauons Research into remedial ‘measures is ac-

comphshed at the Center by its’ engineers and

_scientists; in addition, many 51gmf1cant programs are

carried out by universities and private résearch organi- B
zations under contracts with the Center. Much of the .

- field work essential to those’ research efforis is accom-
" plished by staff members: of the various Corps of

Enginéers Districts. The results of this research are
published and widely "disserninated in .the United
States, and are also supplied on an exchange basis to.
[orelgn institutions and- agencies. As a result of this
exchange, the Coastal }:ngmeermg Research Center

'is ' well informed of. world-wide progress. One of a’

series of pubhcauons preparcd by the Center is Tech-

“nical Repon No. 4, ““Shore Protection, Planning and’
. Design” which provides information and methods cur-

rently used in the solution of shore protection prob-
lems. Technical Report No. 4; coinmonly known as
T:R. 4 among the Coastal Engineers of the world,
provides the most. comprehensive presuuuum of
shore protection technology -available in a ‘single

By puhlrc’mon (Complimentary to and less technical than
TLR: 4 is the Center's Shoreline Protection Gmdclmc

Report which was published in 1971 as a. pdll of the
National Shoreline Study. The piirpose of this report
is to enable Staté and local authorities to plan effective

" PREEDING PAGE BUWE
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Types of Project

Beach Erosion

Navigation

Table 27

Authonzed Federal Projects for Hawaii

As of April 1971

" Status

'Completed n 1957
 Constructed in 1965

Under Construction
Pre-Construction Planning

- Design and Construction to be accomplished

by the State of Hawaii “uh 90% Federal

) yelmbursement

Pre-construction . planmng to be accom-
plished upon receipt of project funds

Completed

Advertsed for construction

Pre-construction planning

Preconstruction planning to be accom-

plished upon receipt of project funds

106

‘Location

Waikiki Beach, Oahu

Haleiwa Beach Park, Qahu

Kihei Beach, Maui

Kuhio Beach Sector, Waikiki Beach (being
accomplished by the State of Hawaii,
subject to Corps approval)

Fort DeRussy-Royal Hawaiian Hotel Secior,
Waikiki Beach, Oahu .-

Hanapepe Beach, Kauai |

Waimea Beach, Kauai

Duke I\ahandmoku Sector, Waikiki Beach,
Oahu

kuhio Beach-Elks Club Sccion,
Beach, Oahu

Waikiki

Haleiwa Recreational Harbor. Qahu

Hilo Harbor. Hawaii :
Honokohau Recreational Huarbor, Hawaii
Honolulu Harbor, Ouahu

Kahului Harbor, Maul

Kalaupapa Harbor, Molokai

Kaunakakai Harbor, Molokat
Manele-Recreational Harbor, Lanai
Nawtliwili Harbor, Kauai :

Port Mlcn Harbor, Kauai

- Kawail hae Commercial Navigation I—Lnbon '

. Modification; Hawaii

‘ dealhde Recreauonal Boat Harboy, Ha-

wail
Nawiliwili Recreational Boat Harbor, Kauai
Lahaina Recreauonal Boat Harbor, Maw
Honolulu Harbor Modification, Oahu
Barbers Point Commercial Naviganon Har-
bor. Oahu

Maunalua Recréational Boat Harbor, Oahu -
. Kewalo Harbor, Oahu ' _
Maalaea Recreattonal Boat Harbor, Maui

Reeds Bay Recreational Boat Harbor, Ha-
wail

Waianae Recreational Boat Harbor, OQahu

Ala Wai Boat Harbor, Qahu

Hana Recreational Boat and Burge Harbor,
Maui

Hanalel Reareational Boat Harbor, Kauai

r,



”T'ypes ofPro_]ect e Slatus - - Loééiio_n :

ol Heela Kea Recreational Boat Harbor, Oahu

o I _ _ R "'Kaxlua Recreational Boat Harbor, Oahu

\ e S P 7 Kaunakakai Recreational Boat Harbor, Mo-
: ’ B T R L S P lokai

Kaunakakal Commercml Nangauon Har-
bor, Molokai -

',klkxaola Recreational BOdl Harl)m Kauai.

v""‘-Nawﬂm ili Commercml Ndvxgauon Harbor, .
‘Oa u". T o

o Table 28 S
Authonzed Fedeial Studies for Hawau W
Ll As of Aprll 1971 '

: TypeofStudv T saws BT ST e Loc'aiion- o

Kalmu BeaLh Hdmdu

o ,Kaa‘u\a Beach, Qahu

. ‘f'Hanauma Beach, Oahu-

o Hauula Beach, Oahu- ,

",A'U'Punaluu, Bedch Oahu N
“Punaluu’ Beach, Hawaii

B T E SR _'__SuanszeachOdhu_

R s P PR el }\Luh Beach, Oahu -
T © Wailua Beach, Kauai

-~ -Kona Ared West Hawaii

.\Iaunalua Bay, Oahu

Beach Erosnon - “Under investigation .

‘ Mokuleia Area, Oahu
. Keehi Lagoon Area, Oahu’ A
Sandy Beach Park, Oahu ' R
. ‘EwaBeach Park, Qahu ' :

R _ o Maile-Waianae Coast, Oahu ‘ :
v N;i\’ig:lti()11 - Under.investigation ~ S : . Mualaea Medium-Draft Harbor,’ Mdm
2 R SRR ) T e e . Kahului Harbor, Maui (chrgen(\ Repatr
. S e Sl ST - 'of Breakwater) _
C o . S S - Haleiwa R((IL‘d(lOIldl Boat Harbor, Ouhu.
PR S T : - o (H"nb(n J\I()thluumn)
o ' To be m\uln,‘m'd npnn luupl of \(ud\" - Hilo Harbor, Hawaii (Harbor Mmhh(.umn)‘
'lund R o ‘ e I\ahaluu Hdrl)m ()dhll
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shore protection works. The report describes typical
control structurés, non-structural alternatives, ex-
amples of present shore protection facilities, and
discusses their strengths and shortcomings, and pre-

sents criteria for planning, designing, using and_

maintaining structural protection.)

Present knowlédge of shoreline processes in Hawaii
reflects past studies that have developed information.
on coastal currerits, wave climate, beach profiles and
materials, and the relauonshlp of beaches to reef
ecology. '

COASTAL CURRENTS.

The most complete published analysis of coastal
currents around the Hawaiian Islands is contained in
the University of Hawaii's 1964 HIG-64-1 report. This
work discusses coastal currents in terms of the various
components which include the Pacific North Equato-
rial Current, the tidal current, wind-driven currents,
and wave-induced currents. Drawings showing gen-
eralized current patterns around each of the major
islands for both flood and ebb tide conditions are
shown. More extensive investigations are desirable
to develop informiation on current patterns for inshore
areas. Research on water level buildup and current
patterns caused by breaking waves and onshore winds
. in shallow reef areas are needed

.WAVE CLIMATE.

warning and high surf warning. The Tsunami Re-
search Center is also planning to install six wave
gages in about 30 feet of water off the north shore of
QOahu for a short term research swudy entded ‘Study
of Transformation of Ordinary Wind Wave Energy
into Surf Beat and Edge Waves” which is being
funded by the National Science Foundation.

For individual shoreline projects, the Corps of
Engineers supplements existing wave information

“with wave hindcasts of significant ocean storms perti-

nent to the study area.

There 'is a need for additional deep water wave re-
search to provide a comprehensive statistical report on
the duration, height, period, and direction of waves
approaching the islands.

" BEACH PROFILES AND MATERIALS.

The most complete summary on the sources of

existing wave data for the islands is contained in
‘the Corps of Engineers 1964 publication, ““Hawaiian
Island Beaches.”

" The frequency of occurrence and meteorological
factors of the four principal sources of Hawaiian
waves—northeast tradewind waves, northern swell

The most complete compilation on beach profiles
and- materials is contained in the University of Ha-
waii's HIG-64-2 report, ‘““Hawaiian Beach Systems.”
This report contains descriptions of 112 beaches,
shows 150 beach prohles obtained during 1962 and
1963, and has grain-size parameters- on about 2,400
sand samples.

The Coastal Engineering Research Center funded
studies ‘which are being conducted by the Corps of
Engineers Pacific Ocean Division on eight- island
beaches. An analysis on seasonal beach profiles and
sand samples obtained over a three vear period will
be correlated with existing wind and wave data in an
effort to provide a better understanding of the com-
plex shoreline processes of the Hawaiian Islands,

- SAND SOURCES.

from North Pacific winter storms, local storms, and

southern swell—are -discussed in the University of
Hawaii’s HIG-64-2 report. .

Wave records obtained at Kahului Harbor, Mau1
during 1966 to 1968 have been analyzed by the
Coastal Engineering Research Center. The University
of Hawaii's Look Laboratory of Oceanographic En-
gineering is currently obtaining continuous wave re-
cords off the entrance to Kewalo Harbor, Qahu, in
conjunction with a research study of surfing condi-

tions. The University's Hawaii Institute of Geophysics -

is recording wave data in Kaneohe Bay, Oahu, which
will be used in their research efforts to correlate wave
action with' coral reef growth and damage.

- In'1971, the Tsunami Research Center installed two
wave gages on the north shore of Qahu off- the Moku-
leia area in a joint effort between . the University of

“Hawaii-and the Natuonal Oceanic and Ammospheric

Administration. ‘One gage is-in about 1,500 feet of
water and one in about 100 feet of water. The program
15 1 continuous program concerned with both tsunami
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-grain size.

Recent (1968, 1969, 1970) funding by the Natonal

Science Foundation has enabled the University of Ha- -
wail to initiate an inventory of offshore sand deposits -

throughout the islands and to investigate the feasi-
bility of exploiting the deposits. The results of the
first year of sand recovery study are published in the
Department of Ocean Engineering's
Seagrant 69-4 report. The report summarized the
results of existing research of sand uses and sand
sources in the islands and indicated that, at the pre-
sent rate of use of beach sand by the construction
industry,

is trapped in navigation channels and subsequently

dredged and spoiled at sea; that beach sand from-

Molokai is the current primary source of sand for
the construction industry; that sand expleration has
been chiefly concentrated in Kaneohe Bay-and Hale-
kulani Channel on Oahu: that Halekulani Channel
sand was rejected as a source for beach replenish-
ment by the Corps and State officials because the
was tno small and the color and odor were

Hawaiian beach sand resources would be-
reduced by 25 percent within 10 years; that some sand

‘
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objectionable; that large quantities of the Kaneohe
Bay sand is suitable for beach replenishment but re-
moval has been prohibited by the State because of
possible environmental effects on a nearby bird ref-
uge; that other known deposits in Kaneohe Bay are

. too fine-grained; that sand removal from water depths

less than 50 feet is prohibited by State policy and
dredge capability. has been limited to water depths of
less than 60 feet; and that it is not presently economi-
cally feasible for a commercial offshore sand mining
operation in Hawaii. The report concluded with the
following statemems-—“OnIy theresults of a continued
inventory program over the next few years, coupled
with unpredictable advances in ocean mining tech-
nology, will form the basis for conclusions of future

reports on the feasibility of recovery of sand from the

ocean surrounding the Hawaiian Islands. Such reports
will be forthcommg as addmona] mformanon ‘comes
w light.”

About '160.000 cubic yards of shoaled materlal are>

dredged, on an average annual basis, from Hawaiian

harbors by Federal hopper dredges and spoiled at sea.’
Methods of uullzmg thls matenal should be investi-
- gated. '

2

RELATIO\’SHIP OF BEACHES TO REEF
ECOLOGY .
Investigations dealing with the interrelationship of

- beaches and reef ecology have not been well pub-

licized. Rates of growth of reef organisms were
briefly discussed in the University’s HIG reports
numbers 41 and 64-2. - ‘

For the past three years, Sea Grant funds have
been used by the University of Hawail's Institute of
Geophysics to investigate sedimentation, pollution,
and other environmental factors at Kaneohe' Bay,
Oahu: Preliminary findings indicate that live coral
is being killed by pollution and the reef in this bay is
eroding faster than it is being replaced by growing
coral,

Additional research is warramed to expand present
knowledge on the effects of shoreline projects on
reef ecology and the nearshore environment,

NATURAL DISASTERS AND SH()RFLINE
MANAGEMENT. ‘
It 1s difficult, expensive, artd in some cases, 1m-

practicable or impossible to design and construct -
structures to protect the coast from natural disasters

such as tsunamis, landslides, earthquakes, and ex-
tremely high surf. An efficient island-wide tsunami
warning system has minimized the hazard to life
from tsunamis, and zoning regulations are being
developed that should substamially reduce property

damage from future tsunamis in such hlstorlcally sus-

ceptible areas as Hilo, Hawaii.

An alternate to structural- remedial measures for
some -of the critical erosion areas along the north
shores of the islands might be through restrictive
zoning and building regulations similar to the manage-
ment methods being developed for areas highly sus-
ceptible to tsunamis. The north shores are subjected
to extremely high surf from particularly severe storm
conditions. Damages are primarily caused by flooding,
undermining, and direct wave ‘attacks on beachfront
properties and are most evident along well developed
coasts. During the extreme high surf of December
1969, private property along Oahu’s north shore sus-
tained damages of about one million dollars. A sug-

- gested land management alternative for the Mokuleia,

Kawailoa, Sunset, Waialee, and Kawela beaches along

Oahu’s north shore is a restrictive building code to

require open type construction for the ground floor
levels of beachfront propertics.
As part of the National Shoreline Study, the Corps

of Engineers has published a Shore Management -

Guidelines report. This report provides guidance to
enable governmental agencies 4t the State and County
levels to develop programs to improve the use and

" management of shoreline resources. Existing Federal

shore protection programs and policies and existing

. State and local programs are discussed. Historic and

anticipated - shore uses are described, principles of
comprehensive planning accompanied by examples

‘are presented, multiple-use of shore and water areas,

land use planning and construction are developed. The
report also discusses the principles of cost sharing

. and describes the nature of publlc and private bene-
-flls
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